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Abstract
Malaysia has recently implemented a subsidy reduction policy on 
domestic fuels such as motor petrol, diesel and liquified petroleum 
gas (LPG). In addition, in its five-year national plan (2005-2010), 
Malaysia also proposed a 350 megawatts (MW) electricity generation 
capacity from renewable energy technologies. In this thesis, a Com­
putable General Equilibrium model (CGE) is used to measure the 
economic, welfare and the environmental impacts of the above poli­
cies. A model for tax and trade analysis for Malaysia (M2-TMAS) was 
developed to investigate the effects of alternative policies of recycling 
savings, due to subsidy reduction, back to the economy. M2-TMAS 
is a static, small open economy model with a data set from the re­
cent 2000 input-output table. Results show that the adverse impact 
of fuel subsidy reduction could be mitigated through an appropri­
ate savings recycling policy. A model for energy, economy and the 
environment for Malaysia (M3-EMAS) extends the model to include 
detailed representation of electricity sector, incorporating CO2 emis­
sions resulting from the consumption of energy products. The model 
is used to analyse the proposed renewable energy portfolio in power 
generation. Results from this analysis suggest that the existing regu­
lated natural gas price to power producers does not pose a barrier to 
the penetration of renewable energy technologies, although transfer­
ring those subsidies to renewable energy producers could encourage 
its share. Thus, if the regulated price is to be maintained, the portfo­
lio target could be met through direct subsidies to renewable energy 
producers.
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Chapter 1
Introduction
1.1 Introduction
Crude oil prices have been on an increasing trend since 2004. Between 1978 
to 2003, the average crude oil price was about USD23 per barrel and this rose 
to USD61 per barrel between 2004 and 2007. Figure 1.1 shows that January 
2008 marked the first time ever that crude oil price exceeded USDIOO per barrel. 
Countries that are dependent upon imports of oil are facing import inflation 
which will eventually spiral to the rest of the economy. On the other hand, 
countries that are well endowed with crude oil are profiting from the high price 
of crude exports. When the price becomes so high that it prevents market-based 
production, a subsidy is often introduced. Larsen & Shah (1992) estimated global 
fossil fuel subsidies to be around USD230 billion per year. In a developing oil- 
exporting country like Malaysia, some petroleum product prices are kept low by 
means of subsidies. Whilst this approach results in better welfare of the public, 
it distorts the market and causes allocative inefficiency. A subsidy also causes 
lower incentive to conserve, or use energy more efficiently.^ A subsidy - in the 
form of direct subsidy or foregone tax - means that less resources are available for 
other developmental projects. Malaysia pledges that it will review energy pricing 
structure to reflect market prices of various alternative energy sources. In 2004, 
the Malaysian government spent RM4.8 billion on petroleum product subsidies.
^lEA/UNEP, Energy Subsidy Reform and Sustainable Development, Synthesis Report 
(2001).
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With increasing crude oil prices, the government estimated these subsidies could 
reach RM16.8 billion if the price of petroleum products are kept at the same level 
(The Prime Minister’s Office, May 2005). On May 5th 2005, the petrol price was 
increased to RM 1.42 per litre representing an increase of 10 sen per litre.^ The 
price of diesel was raised to RM 1.08 per litre, an increase of 20 sen per litre. On 
31st July 2005, the price of petrol and diesel were raised again by 10 sen and 20 
sen respectively and the price for LPG was raised by 5 sen. On 28th February 
2006, petrol, diesel and LPG prices were again increased. Petrol and diesel prices 
were raised to RM 1.92 per litre and RM 1.58 per litre respectively, representing 
an increase of 30 sen each. LPG price was increased to RM1.75 per kilogramme. 
Therefore, since May 2005, the price of petrol has gone up by 35%, diesel by 
almost 80%, and LPG by 25%. Electricity is another energy commodity where 
price is kept low through regulated tariffs and regulated natural gas prices to the 
power sector. These prices too are subject to a revision and almost certain that 
they too will be increased.
120
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Figure 1.1; Malaysia Tapis Spot Price FOB (Dollars per Barrel) 
U.S. Energy Information Administration
^100 sen =  RMl.
1.1 Introduction
Increasing energy prices are detrimental to households as well as producing 
sectors. As of 2003, the share of energy cost in the Malaysian manufacturing 
sector accounted for 9% of total value added, of which 6% was electricity costs. 
This high proportion of electricity costs reflects the sensitivity of the manufac­
turing sector to an increase in the electricity price. Any increase may reduce 
the competitive advantage of manufacturing companies and may put two million 
manufacturing workers at risk.
Alongside the global rise of fossil fuel prices, more scientiflc evidence is point­
ing towards global warming and climate change. Globally, a total of 27,753 million 
tonnes of carbon dioxide (MTGO2 ) were emitted from the burning of fossil fuels 
and other activities in 2004.^ The United Nations Framework Gonvention on 
Glimate Ghange (UNFGG) in the Third Gonference of Party in Kyoto on 11 De­
cember 1997 issued a directive on mitigating climate change. Article 3.1 of the 
protocol commonly known as the Kyoto Protocol, states that:
The Parties included in Annex 1 shall, individually or jointly, ensure 
that their aggregate anthropogenic carbon dioxide equivalent emis­
sions of the greenhouse gases...with a view to reducing their overall 
emissions of such gases by at least 5 per cent below 1990 levels in the 
commitment period 2008 to 2012.
Details of Annex 1 countries are available from the UNFGG. These countries 
consist of developed countries plus countries that are undergoing the process of 
transition to a market economy. The protocol became binding and enforceable 
with the accession of Russia in 2005. As Annex 1 countries implement strategies 
for green house gas (GHG) reduction, a developing country like Malaysia should 
benefit from Article 12 of the protocol.'^ Under a mechanism known as Glean De­
velopment Mechanism (CDM), non-Annex 1 countries could benefit from project 
activities resulting in certified emission reductions. Even though Malaysia is not 
required to reduce its emission level until 2012, Malaysia has been proactive to­
wards mitigating its GO2 emissions by establishing an institutional framework
^This figure is a summation of all countries’ CO2 emissions obtained from United Nations 
Environmental Indicator.
^Malaysia signed the Kyoto Protocol in March 1999 and ratified it in 2002
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for the Clean Development Mechanism (CDM) on energy projects. With an 
abundance of renewable energy (RE) sources such as biomass, there is a great 
potential for Malaysia to exploit these resources and at the same time contribute 
towards a more sustainable development. A Small Renewable Energy Power Pro­
gramme (SREP) was launched by the Ministry of Energy, Communications and 
Multimedia of Malaysia on May 11th 2001 as a vehicle to increase utilisation of 
renewable resources. The government of Malaysia had planned that by the end of 
2010, 350MW of electricity generation should be coming from renewable energy 
sources.^
1.2 Research Questions
The above issues on fuel subsidies and renewable energy portfolio led to the 
formulation of my research questions. These questions are composed in two parts. 
The first part concerns the utilisation of government savings due to fuel subsidy 
withdrawal. In particular, what would happen to the economy and the welfare if:
A-1 the savings are used for government consumption.
A-2 the savings are used to reduce the direct tax burden.
A-3 the savings are used to increase public investment.
A-4 the savings are used to pay off foreign debts.
The second part concerns the natural gas pricing policy and the role of a 
subsidy in meeting a renewable energy target. Specific questions in this part are:
B-1 Does the regulated natural gas price to the power sector inhibit penetration 
of RE technologies such as palm oil biomass? What would happen to the 
economy, welfare and the environment if the natural gas price to the power 
sector is de-regulated?
B-2 What would be the level of subsidy required to make the cost of power from 
palm oil biomass as competitive as those of fossil fuels? What cost/benefit 
would it bring to the economy, welfare and the environment?
®The Ninth Malaysia Plan, page 408.
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The extent of impacts on the economy and the environment of the above policies 
cannot be measured due to lack of an energy, economy and the environmental 
model for Malaysia. It was the absence of such a model that motivated the 
writing of this thesis. Although there may be many economic models available, 
the choice of model depends upon the kind of research questions to be asked. 
If a quantitative answer is required, then a model that produces a quantitative 
answer should be chosen (Kydland & Prescott, 1996).
There are three main quantitative models that deal with multi-sectoral analy­
sis. The first is a macro-econometric model. An econometric (time series) model 
is based on how well the estimates fit the actual (past) observations. The model 
parameters are estimated from given functional relationships and these parame­
ters can replicate the past trend with minimum errors. To have an accurate model 
prediction, the model requires substantial time series data and this requirement 
is magnified by the dimension of the sectors required for analysis. The most 
extensive econometric based model that incorporates multi-sectoral analysis is 
the Cambridge Multi-sectoral Growth Model. There are various versions of this 
model, however, a model called MDM-6 is well described in a book "The Cam­
bridge Multisectoral Dynamic Model of the British Economy" edited by Terry 
Barker and William Peterson.^ The MDM-6 is very rich in data sets and it cov­
ers the period between 1954 and 1981. The model uses disaggregated data from 
input-output/System of National Accounting (41 commodities and industries) to 
describe the interrelation between industrial production and the economy as a 
whole. Categories of data used are value term, quantity and price. The model es­
timates Keynesian aggregate demand components (consumption, fixed investment 
and stocks, government spending, imports and exports). Once these demands are 
described, the model specifies how the supply will meet those demands. Prices 
in the model are determined as mark-up over cost. The dynamics of the model 
come from the interrelation between past year output and current year invest­
ment. The model is solved year by year. In MDM6, there are 5,686 variables, 507 
of which are exogenous variables and the total number of equations is 5,179. The
’Barker & Peterson (1987)
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latest Cambridge model is called MDM-E3 which incorporates energy and the 
environment sub-models. A brief technical description of the model is available 
in Junankar et al (2007).
A macro-econometric model is a powerful model both in term of its dimensions 
as well its accuracy (minimum error estimations). All the parameters in the 
model are estimated empirically. However, to carry out a macro-econometric 
model of this magnitude requires substantial amount of data to be available in 
a consistent manner. Whilst this is possible in the UK, it certainly is not in 
Malaysia. Disaggregated time series data, in particular energy data, are not 
available. Due to this restriction, this type of model may not be appropriate for 
analysing the impact of energy policy in Malaysia.
The second method of analysing sectoral impact is through an input-output 
model. The input-output framework was first developed by Professor Wassily 
Leontief in the late 1930’s with the publication of a US input-output table for 
1939. The table describes the interdependence of industries in an economy. In 
simple words, one industry’s output is used as input to another industry’s pro­
duction or output. The industries are related through buying and selling raw 
materials, and the structure of production is conditioned on these linkages (Py- 
att, 1999).
Processing Sector Final Demand (Y) Total
1 2 Output (X)
Processing 1 z l l zl2 Cl 11 G1 El XI
Sector 2 z21 z22 02 12 G2 E2 X2
Payment Value LI L2 LC LI LG LE L
Sector (W) Added N1 N2 NO NI NG NE N
(W) Ml M2 MG MI MG ME M
Total Outlays (X) XI X2 C I G E X
Table 1.1: A Two Sector Input-Output Table 
source: Miller & Blair (1985)
Table 1.1 shows an example of the input-output convention used to present 
observed data on inter-industry flows throughout an economy. The columns spec­
ify the value of inputs, value added (and indirect taxes) so that the column totals 
represent the value of output available or supply. Similarly, the rows account for 
industries expenditure on intermediate inputs and final demand so that the row
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total represents the total expenditure or demand in an economy. In an input- 
output approach, the sum of all input values used in production equals the value 
of output so that the total of each column and row should be equal.
Let Zij be the flow of inputs from sector i to sector j  and Xj  be the value of 
gross output of sector j . Hence the ratio of input to output is given by:
a ,  =  |  (1.1)
where a is the value of inputs from sector i for every unit value of sector j.  aij is 
also known as a technical coefficient and is assumed to be fixed in the short run. 
Total output is given by the sum of all intermediate demands and final demand:
X i — Z i j + Yi  
3
Xi = cLijXj -b Yi (1-2)
3
where Yi is the final demand for output i. Following Miller & Blair (1985), these 
equations can be re-arranged to form a matrix:
{ I - A ) X  = Y  (1.3)
where A is an n x n matrix consisting of the technical coefficients (a’s), X  and Y  
are n x 1 matrices and I  is an identity matrix. ( /  — A) matrix will have (1 — an) 
on its main diagonal and —aij elsewhere. If the matrix ( /  — A) is a non-singular 
matrix, then the value of X  can be found by post multiplying the inverse of 
(F-A)byy.
% =  (7 -  A )-^y (1.4)
If there is a change in X ,  for example through change in aij, then the change in 
Y  can be measured.
The ENDAM model of Hawdon & Pearson (1995) is an example of an input- 
output model in energy, economy and the environment for the UK.^ The model
^ENDAM is an acronym for Energy, Economy, Environmental Damage Model
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consists of ten producing sectors (five of which are energy sectors) and model 
simulations include variation in energy intensity, structure of electricity genera­
tion, fuel expenditures, and energy taxes. Emission is directly derived from the 
consumption of intermediate demand and final demand. Given the output vector 
X  and the income vector Y,  physical energy (E), environmental impact (D) and 
employment fiows {W) are derived from the following:
E = E ^ X  + E^CY + E^F  (1.5)
D = D ^ X y D^CY + D^F  (1.6)
VE =  L 'X  (1.7)
where E^ is a matrix of direct energy use coefficients per unit value of gross
output, E^ and E^ are matrices of energy coefficients per unit value of personal 
consumption and non-personal final demand, is a matrix of coefficients of 
environmental residuals per unit value of gross output and finally and are 
matrices of coefficients of environmental residuals per unit value of personal con­
sumption and non-personal final expenditure. L' is a row vector of employment 
coefficients per unit of gross output.
ENDAM is used to simulate and compare a 10% technical efficiency improve­
ment in coal usage in the electricity sector vs. efficiency improvements in all 
other sectors. This is achieved through changes in input-output coefficients. The 
second simulation measures the impact of reducing coal in electricity generation 
and replacing that with gas fired technology. This is achieved by reducing the 
coal in electricity coefficient from 0.3 to 0.2 and increasing the gas coefficient from 
0 to 0.1.
The input-output model does offer a wider analysis of energy policy impacting 
on the economy and the environment and is certainly possible to model as input- 
output tables are published every five years in Malaysia. However, as Hawdon & 
Pearson (1995) point out, the model has a few limitations. The main drawback 
is in respect of the assumption of linear relationships which may not hold in the 
real world. Also, in modelling an open-economy, the input-output model does 
not facilitate a feedback effect of other variables like the exchange rate, savings 
and investment. No agent behavior is present in the model.
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A general equilibrium model on the other hand, incorporates agents’ behaviour 
through the production and utility functions. The theoretical model was devel­
oped by Arrow & Debreu (1954) and the first numerical model was applied by 
Johansen (1960). The basic idea of a general equilibrium model is that, in a 
two-agent economy, producers maximise their profit while consumers maximise 
their utility at a given market price. Each consumer is endowed with factors of 
production (capital and labour) and a set of preferences. Utility maximisation by 
each consumer, who is constrained with fixed income, leads to a demand function 
for each commodity. A market demand is the sum of all consumers’ demand 
functions. Consumers spend all their incomes on commodities. On the supply 
side, producers are faced with a constant return to scale production function.® 
A profit maximisation exercise by each producer results in the optimal supply 
output, and cost minimisation leads to factor input demand functions. A market 
supply is given as the sum of all individual producers’ supply. Interaction be­
tween the market demand and the market supply is what determines the market 
price. In a general equilibrium, neither the consumer nor the producer wish to 
change from their optimal demand and supply decisions given that if they do, it 
will result in lower index of satisfaction or profit.
As with the input-output model, a CGE model has the added advantage of 
multi-sectoral details (a CGE model also makes use of data from an input-output 
table). In addition to that, incorporation of agents’ optimisation problems allows 
for the opportunity to substitute expensive goods through flexible functional 
forms such as a Constant Elasticity of Substitution (CES) or a Cobb-Douglas 
function. Furthermore, it has the ability to extend analysis to include various 
socio-economic groups (households types etc), thus making it attractive for a wel­
fare impact evaluation. Avalapati et al. (1998) compare the input-output model 
and the CGE model in analysing the economic impact of forestry developments 
in Alberta. They conclude that, overall, CGE models have greater potential for 
policy analysis.
A CGE model is chosen in this thesis due to its apparent advantage of multi­
sectoral analysis and agents’ behavioral responses to changing prices. Prices in a
^The outcome of the producers’ decision is consistent with the perfectly competitive market 
outcome that the price equates the average cost (and marginal cost) in the long run.
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CGE model are endogenous, i.e. they are market determined by the interaction of 
market demand and market supply. This property is suitable for economic analy­
ses that involve taxes and subsidies. Furthermore, unlike the macro-econometric 
model, a CGE model requires only a one year cross-economy data set.
1.4 Structure of the Thesis
In Chapter 2, background information on Malaysia is presented. This chapter 
gives an understanding of the structure of the economy, its historical development, 
its vision and the guiding economic policies. Discussion of government finances 
and other macroeconomic indicators in this chapter provides valuable inputs to 
the model development. It is also necessary to provide adequate background 
information on energy structure, flows and the players involved.
Chapter 3 provides background knowledge to a CGE model. The chapter 
begins with historical development of the model and solution approaches adopted 
by various scholars. Then, a complete mathematical representation of the model is 
presented and this is followed by an explanation of the steps involved in calibrating 
model parameters. It also explains the presentation of a benchmark data set in 
a Social Accounting Matrix (SAM) framework. A review of the literature on the 
model is provided at the end of the chapter to provide insights into the model 
development in Chapter 4.
Chapter 4 concerns the construction of a Social Accounting Matrix (SAM) for 
Malaysia. The chapter describes data sources and the stages of SAM construction. 
Various pieces of information, collected from various sources, are organised in the 
SAM. This would represent the first SAM that makes use of the input-output 
table for the year 2000.
Chapter 5 is dedicated to evaluating the impact of phasing out the petroleum 
subsidy using a tax model based on Shoven & Whalley (1972). The model is 
called M2-TMAS, an acronym for the Model of Tax and Trade for Malaysia. The 
model specifications are described diagrammatically as well as in mathematical 
formats. The model assumptions are clearly stated. A replication check is carried 
out in this chapter to ensure that the model correctly replicates the benchmark
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data set. A model that results in replicating the benchmark ensures that model 
parameters are correctly calibrated.
To shed some light on the first four research questions (A1-A4) above, four 
simulations are carried out in Chapter 6. There are an increase in government 
spending, a reduction of a direct tax, an increase in public investment and repay­
ment of foreign debts. Under each simulation, the impact on the economy and 
welfare are measured. Some of the model parameters are inevitably exogenously 
determined. This may cause bias in the model’s results. Therefore, sensitivity 
analyses are carried out to test the robustness of the model results to changes in 
these parameters.
In Chapter 7, an energy focus CCE model is developed to deal with fossil 
energy, renewable energy and the environment. This model is named M3-EMAS, 
which stands for Model of Energy, Economics and the Environment for Malaysia. 
The model is based on Bohringer (1998) and contains technological representa­
tion of fossil based electricity generation and natural resource based electricity 
generation. As the model is intended to analyse a specific sector (electricity), 
the electricity sector and fossil fuel sectors are further disaggregated, whereas all 
other sectors are kept aggregated as one representative sector. In order to quantify 
the impact on CO2 emissions, this chapter includes estimates of CO2 emissions 
for the base year based on the consumption of fossil fuels. Two simulations are 
carried out in this chapter. The first is to simulate the impact of de-regulating 
natural gas prices to the electricity sector (which leads to a higher electricity tar­
iff). The second simulation measures the cost of implementing a specific target 
of renewable energy in electricity generation. This includes determining the level 
of subsidy required to meet the above target.
Finally, Chapter 8 summarises and concludes the thesis with recommendations 
and future work.
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Chapter 2 
The M alaysian Economy
2.1 Introduction
Malaysia (formerly known as Malaya) is a multi-racial country populated by 
about 24 million people. As of 2005, the ratios of the three main races are 57% 
Malay (indigenous), 30% Chinese and 17% Indian. Ceographically, Malaysia is 
divided into two regions, the peninsular and the northern part of Borneo (see Fig­
ure 2.1). The Malaysian economy was traditionally an agriculture based economy, 
mainly through rubber and palm oil plantations. The strength of the agricultural 
economy was reflected in the very first Malaya Plan (1956-1960) which states 
that;
No industries existing or in prospect which can take place of rubber 
and tin as pillars of the Malayan economy and its principal sources of 
employment, revenue and foreign exchange (First Malaya Plan Page 
32)
To spur on agricultural development, the Federal Land Development Author­
ity (FELDA) was established in 1956 under the Land Development Act. Towards 
the end of the First Malaya Plan, 783 hectares of rubber estates and 54,000 
hectares of oil palm estates have developed. By 2003, FELDA has developed 
about 494,558 hectares of land for various crops. A fall in demand for natural 
rubber and a rise in demand for palm oil led to a reduction in rubber estates
12
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and an increase in oil palm estates. Oil palm was nicknamed 'golden tree' as al­
most every part of the tree is useable. The fruit produces oil while hbres, empty 
fruit bunches and shells can be used as energy sources for power generation (as 
feedstock), or as materials in wood industries. The trunks and fronds can be left 
in the held as natural fertilisers. As of today, palm oil plantation is the largest 
plantation in the agricultural sector.
THAILAND
)  ^  Kuala Lumpur
\iNDONESlA)
INDONESIA
Figure 2.1: Map of Malaysia
Beginning in the 1960's and throughout the 70's and 80's, Malaysia embarked 
on import-substitution manufacturing activities. The Investment Incentive Act 
was enacted in 1968, giving a 5-year tax holiday (ranging from 70% to 100% of 
income) to hrms granted pioneer status. Foreign investments were encouraged 
through the Free Trade Zone Act of 1971, aiming at production of goods for
13
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export. 1973 marked the era of export promotion, with the volume of exports 
increasing by more than 50% over the previous year.
When Dr Mahathir Mohamed took over as the Prime Minister in 1980, a ’Look 
East’ policy was introduced to increase national productivity by emulating the 
ethical values of Japanese and South Koreans. An active government investment 
arm was created to accelerate heavy industry through the establishment of the 
Heavy Industries Corporation of Malaysia (HICOM) in 1980. Its purpose was 
to partner with foreign companies in areas crucial to growth and development. 
This includes the establishment of a national car maker, Perusahaan Otomobil 
Nasional Sdn Bhd, commonly known as PROTON. More private sector participa­
tion in generating growth can also be seen from a series of privatisation exercises 
which began in 1983. This includes companies like Syarikat Telekom Malaysia 
(telecommunication company) and Tenaga Nasional Berhad (power generation 
and distribution company) in 1990.
A rigorous industrial revolution occurred following the first Industrial Master 
Plan (IMPl, 1985 -95) which provided a lot of incentives for export promotion 
especially for manufacturers. The resulting economic stability brought about 
foreign investors’ confidence. This, coupled with a liberalisation of 30% foreign 
equity restriction, resulted in tremendous growth in Foreign Direct Investment 
(FDl) from RM0.96 billion in 1985 to RM17 billion in 1996. Real gross national 
per capita income grew from RM1,070 in 1970 to RM8,238 in 2002.
2.2 Economic Planning and Policies in M alaysia
At the time of independence, Malaysia inherited a large amount of debt as rev­
enues were used to fight post-war insurgencies and rubber estate re-plantations. 
The surplus revenue balance ‘available’ to the government in 1957 was RM365 
million whereas National Debt was RM627 million.^ With little capital, and 
mounting debts, Malaysia designed its first economic policy in the First Malaya 
Plan which covered the period between 1956 to 1960, a period in which Malaya 
was consistently in deficit. The prime objectives of this plan were to improve
^First Malaya Plan. Figures are in nominal terms at that time.
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the socio-economic position of rural peasants, to provide employment, to embark 
into other types of agriculture commodities, to improve per capita output and to 
improve and expand social services.
Short term economic policies were later embedded in a 5-year plan, known 
today as the Malaysia Plan. Currently, Malaysia is in her ninth planning period 
covering the years 2006-2010. These short term policies are guided by a longer 
term plan called the Outline Perspective Plan (GPP). The first GPP (GPPl) was 
for the period between 1971-1990, the second GPP (GPP2) covered the period 
between 1991-2000 and the third (GPP3) covers the period between 2001- 2010. 
In addition to the short and long term economic policies, there are socio-economic 
policies such as the New Economic Policy (NEP) between 1971-1990, the National 
Development Policy (NDP) between 1991-2000 and the National Vision Policy for 
2001-2010. Economic planning in Malaysia is now guided by a long-term master 
plan called Vision 2020. The goal is to attain a developed nation status by the 
year 2020. The most influential policy of all is the NEP, which was intended 
to eradicate poverty and the identification of race with economic functions by 
creating a fairer distribution of wealth among races without making any of them 
worse off.^
2.3 M alaysian Economic Performance
2.3.1 O utput and Incom e
With strong economic policies in place, Malaysia became one of the fastest grow­
ing economies in the region. Figure 2.2 shows Malaysia’s consistent growth of well 
over 7% between 1988 to 1996. Per capita income in constant prices increased 
from RM1,070 in 1970 to RM8,238 in 2002 with an average year on year increase 
of 4%.
Figure 2.2 also shows the peaks and troughs of the Malaysian economy. Be­
tween 1974 and 1975, a recession was due to a fuel supply crisis resulting from the 
Gil and Petroleum Exporting Countries (GPEC) decision to cut back production.
^At the time, the Chinese and Indians predominantly worked in mining and plantations 
while the Malays engaged in traditional farming.
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Figure 2.2: GDP Growth 1970 - 2005 
source: The Ministry of Finance, Malaysia and the Department of Statistics, Malaysia
which caused world wide inflation. Malaysia was quick to rebound its economic 
growth as major oil and gas resources were discovered in 1971, off the shore of 
Terengganu state (see Figure 2.1). Production of crude oil began two years later, 
followed by the production of natural gas. These new natural capital endowments 
spurred economic growth, which was steadily improving at an average of 9% over 
the 1976-1980 period as shown in Figure 2.2. Another recession hit the country 
in 1985 but this time it was not due to an external shock like in the previous re­
cessionary period. Unemployment was high and real output fell. With the export 
promotion policy through incentives outlined in the First Industrial Master Plan 
(IMPl), the economy was back to rapid growth over the 10 year period between 
1987 to 1997. In 1997 however, the notorious Asian Financial Crisis dampened 
the growth. Quick recovery policies which included a drastic measure of fixing 
the Ringgit to the US dollar^ caused the economy to bounce back before another
^Ringgit was pegged at RM3.80 per USD from September 1997 to October 2005.
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crisis hit the East Asian region. This time it was the outbreak of the Severe Acute 
Respiratory Syndrome (SARS) and later the bird flu pandemic which caused a 
sudden drop in the number of tourists.
1995 2000 2005 2010*
GDP 166,625 210,557 262,029 430,018
Private Consumption 81,981 95,370 131,266 182,888
Public Consumption 20,682 23,868 38,727 50,186
Private Investment 58,633 32,596 31,047 52,700
Public Investment 23,262 32,244 39,128 49,812
Stock Change 90 3,383 -1,708 104
Exports 161,856 246,158 316,959 445,625
Imports 179,878 223,062 293,391 430,018
Table 2.1: Real Gross Domestic Product by Expenditure 
Figures in RM million, 1987 prices.
Source: Eighth and Ninth Malaysia Plan.
* estimates
2.3.2 Inflation and Em ploym ent
Over the past years, Malaysia experienced high growth with low inflation and 
unemployment. This can be seen in Table 2.2 where growth in the inflation rate 
was moderate except in 2005 where the growth rate of a Consumer Price Index 
(CPI) increased from 1.4% in 2004 to 3% in 2005. This was due to the increase 
in the price of petroleum products. These prices were increased twice in 2005; 
on May 5th and August 1st, following the ease on fuel subsidies. The effect has 
translated into higher prices in food and transport.^ In 2001, the CPI for urban 
households was slightly higher than that of rural households. This was however 
reversed in 2005, possibly due to higher price of foods. The Producer Price Index 
(PPI) also shows a marked increase since 2004 especially on local production.
Total labour available for employment as of 2000 is close to 10 million. Out of 
this, only 3.1% is unemployed. The unemployment rate has also decreased from
^Malaysia Economic Update (October 2005), World Bank.
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2001
(%)
2002
(%)
2003
(%)
2004
(%)
2005
(9%)
Consumer Price Index (2000=100) 1.4 1.8 1.2 1.4 3.0
of which: 
Food 0.7 0.7 1.3 2.2 3.6
Gross Rent, Fuel and Power 1.4 0.7 0.9 1.0 1.2
Medical Care and Health Expenses 2.9 2.4 1.7 1.4 1.5
Transport and Communications 3.6 6.6 1.6 0.8 4.4
Consumer Price Index by Region 
(2000=100)
Rural 1.3 1.5 1.0 1.4 3.2
Urban 1.4 2.0 1.2 1.4 3.0
Producer Price Index (1989=100) 
of which:
Domestic Economy -5.0 4.4 5.7 8.9 ea
Local Production -6.1 5.7 6.8 10.3 7.9
Imports -0.4 -0.7 0.8 2.0 1.5
GDP Deflator (1987=100) -2.9 3.7 3.5 6.2 4.5
Table 2.2: Price Indices 2001-2005
source: Ninth Malaysia Plan
5.6% in 1985. Other than the manufacturing sector, agriculture and social services 
are the two largest employed sectors with 18% and 20% of total employment 
respectively. The manufacturing sector represents 22% of total employment.
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(’000)
1985
(’000)
1990
(’000)
1995
(’000)
2000
Labour Force 5,990.1 7,000.2 7,893.1 9,616.1
Agriculture,Forestry, Livestock and Fishing 1,717.4 1,737.6 1,526.8 1,711.8
Mining and Quarrying 44.4 36.8 32.5 27.3
Manufacturing 850.4 1,332.8 1,780.5 2,125.8
Construction 419.4 423.9 611.3 798.9
Electricity, Gas, and Water 31.5 46.7 48 48.1
Transport, Storage and Gommunication 244.3 301.9 359.2 422.7
Wholesale and Retail Trade, Hotels and Rest. 994.3 1,217.8 1,370.7 1,790.1
Finance, Insur., R/Estate and Bus.Services 218.9 258.4 363.7 462
Community, Social and Personal Services 1,132.7 1,329 1,552.2 1935.1
Unemployment Rate (% of Labour Force) 5.6 4.5 3.1 3.1
Table 2.3; Employment by Sector 
source: Economic Report, The Ministry of Finance, Malaysia
2.3.3 International Trade and O penness
Malaysia’s economy is also a very open economy. As can be seen from Table 
2.1, the value of exports as of 2000 was 17% higher than the value of GDP (in 
real terms), whereas the value of imports was about 6% more than the GDP. 
This degree of openness makes Malaysia more susceptible to external shocks. 
Manufacturing activity is the highest contributor to foreign exchange earnings, 
accounting for about 85% of total merchandise exports in 2000 (Table 2.4). Table
2.5 shows the components of the manufacturing exports. In 1985, 52% of the 
manufacturing exports came from the manufacture of electrical goods, electronics 
and machinery. By the year 2000, this has increased to 71%. Over the period of 
1995-2000, the export value of electrical goods, electronics and machinery grew 
by 138%. These exports were directed mainly to the U.S.A, Singapore and the 
E.U.
Malaysia is also a country well-blessed with natural endowments. Rubber 
and Sawlogs used to be the main export commodities but are now gradually 
being replaced by crude oil, liquified natural gas (LNG) and palm oil. Crude
19
2.3 M alaysian Econom ic Performance
1995 2000 2005
Gross Merchandise Exports
Agriculture
Mining
Manufacturing
Others
184,987
21,642
10,723
147,253
5,369
373,270
22,892
26,877
317,908
5,593
533,790
37,421
52,321
429,873
14,175
Gross Merchandise Im ports
Capital goods 
Intermediate goods 
Consumption goods 
Others
For re-exports
194,345
39,127
126,338
11,975
9,676
7,229
311,459
44,171
232,687
17,040
11,043
6,518
434,010
60,734
308,335
24,600
18,479
21,862
Table 2.4: Merchandise Trade, 1995-2005 (in RM million) 
source: Eighth and Ninth Malaysia Plan
Commodities 1985 1990 1995 2000
Food, beverages and tobacco 781 2,062 3,676 5,677
Textiles, apparel and footwear 1,289 3,986 6,712 10,433
Wood products 365 1,362 6,265 13,251
Rubber products 113 1,534 3,218 4,727
Chemicals, chemical and plastic products 610 1,889 6,702 16,745
Petroleum products 1,041 1,285 3,127 9,642
Non-metallic mineral products 150 771 1,678 2,571
Iron and steel and metal products 357 1,625 4,819 8,696
Electrical, electronics and machinery 6,493 26,503 96,892 230,425
Transport equipment 566 1,927 5,247 2^94
Other manufactures 706 3,891 9,171 18,937
Total 12,471 46,835 147,507 323,998
Table 2.5: Exports of Manufactured Goods (in RM million) 
source: Economic Report, The Ministry of Finance, Malaysia
oil contributed to about 4% of total export revenue in 2000 meanwhile LNG 
contributed to about 3%. By 2004, the value of exports for crude oil, LNG and
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palm oil accounted for 8.4% of total exports. As projected in the Ninth Malaysia 
Plan (9th MP), crude oil, LNG and palm oil will continue to be the main source 
of revenues from natural resources until 2010. Some of the biggest export markets 
for crude oil are Thailand, Korea and India.
Figures 2.3(a) and 2.3(b) show macroeconomic indicators for selected ASEAN 
countries. Malaysia’s economy, judging by its GDP growth and unemployment 
rate, is among the soundest economies in the region.
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1995 2000 2005 2010*
CRUDE PETROLEUM 
Production (000 b.p.d.)
Exports (000 b.p.d)
RM million
Weighted Average Price (US$/barrel)
705
398
6,701
18.3
680.8
346
14,241
30.18
703
369
21,637
56
882
489
31,447
55
LIQUEFIED NATURAL GAS (LNG) 
Production (000 tonnes)
Exports (000 tonnes)
RM million
Unit value (RM/tonne)
9.727
9.727 
3,069
316
15.430
15.430 
11,423
740
21.948
21.948 
20,790
947
26.470
26.470 
23,558
890
PALM OIL
Production (000 tonnes) 
Exports (000 tonnes)
RM million
(RM/tonne, Local Delivery)
7,811
6,656
10,395
1,473
10,842
8,863
9,948
993
14,962
13,320
19,036
1,456
19,561
15,156
26,735
1,764
RUBBER
Production (000 tonnes) 
Exports (000 tonnes) 
RM million 
Price RSS 1 (sen/kg)
1,089
1,013
4,038
394
615
978
2,571
262
1,124
1,128
5,787
513
1,293
1,319
5,156
391
SAWLOGS
Production (000 cubic metres) 
Exports (000 cubic metres) 
RM million
Unit value (RM/ cubic metre)
31,644
7,746
2,264
292
23,074
6,484
2,489
384
21,334
5,759
2,465
428
19,475
4,727
2,100
444
Table 2.6: Selected Commodity Production and Exports 
^estimates in the Ninth Malaysia Plan
source: Eighth and Ninth Malaysia Plan
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Figure 2.3; Selected ASEAN Countries Economic Performances 
source: The Ministry of Finance, Malaysia
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2.3.4 G overnm ent Finances
Tax is the main source of government revenue. Direct taxes as shown in Table 
2.7 contributed to about 47.1% of total government revenue in 2000 (66% of 
total tax revenue collected). Of this, corporate tax accounts for about 22.5% of 
total revenue, personal income tax about 11.3% and petroleum income tax about 
9.7%. Corporate tax as a share of total tax revenue has risen from 21% in 1980 
to 29% in 2000. Likewise, personal income tax has increased from 8% to 15%. 
Petroleum income tax started gaining its share in government revenue beginning 
1973. Petroleum income tax is imposed on companies carrying out operations in 
petroleum related activities and the rate is currently fixed at 38%. From Table 
2.7, the increase in the share of petroleum income tax can be seen through a 
reduction in personal income tax as a source of government revenue to 8.1% in 
2005 as opposed to 11.3% in 2000.
Indirect tax accounted for 29% of total government revenue in 2000. The 
share decreased from 54% in 1970 to 47% in 1980. Export duty applies to selected 
commodities exported. Export duties on petroleum were introduced in 1980 and 
the current rate is 10%. There have been changes in indirect taxes over the 
years. For example, export duties on rubber, tin and more recently palm oiE 
are all exempted. An excise tax was introduced in 1975, along with a sales tax, 
whereas a service tax was introduced in 1984. In 2000, the share of excise tax 
with respect to total government revenue was 6.1%. The share has increased by 
2% in 2005 and is expected to increase by 1% more in 2010. A sales tax is an 
ad-valorem tax imposed on goods manufactured or imported. The tax is collected 
from the consumer as a consumption tax, while in the case for imported goods, 
from the importers. The tax rate ranges from 5% to 15%. The combined revenue 
from sales tax and service tax has doubled from 5% of total revenue in 1980 to 
about 10% in 2005, and is expected to remain constant until 2010.
Import duties are levied on imported goods. The rates vary with the type of 
goods imported. Import duty collection is declining, however, and is expected 
to decline further with ASEAN Free Trade Agreement (AFTA). The tariffs are 
to be harmonised to between 0% to 5% on most commodities. On top of the
^Only applies if the export price of palm oil below a threshold value.
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tax revenue, the government also earns non-tax revenue from royalties, licenses, 
investments and other sources. Petroleum royalties accounted for 3% of total 
government revenue in 2000. The energy industry in total contributed to about 
14.32% towards government revenue in 2000 in the form of petroleum income 
tax, petroleum royalties and petroleum export tax. On top of this, the indus­
try also paid corporate taxes and dividends (on government investment) to the 
government.
Table 2.8 shows government expenditure for 2000 and 2005 and estimates for 
2010. Of particular interest is the amount of subsidies, which is projected to 
reduce remarkably by the end of 2010. Part of these subsidies were fuel subsidies, 
which in 2004, had cost the government RM4.8 billion (The Prime Minister’s 
Office, 2005). Total subsidies paid out in 2004 were RM6.2 billion (Economic 
Report, The Ministry of Finance), which means that 77% of total subsidies paid 
in 2004 went to fuel subsidies.
2.3.5 Socio-econom ic Indicators
Malaysia has approximately 4.8 million households, 63% of which are located in 
the urban areas.® Table 2.9 shows the incidence of poverty and hardcore poverty 
in 1999 and 2004.^ In 1999, 14.8% of households in the rural arae are in poverty 
as opposed to only 3% in the urban area. The incidence of poverty in the rural 
area declined to 11.9% in 2004. The average urban household’s gross monthly 
income in 1999 was about 1.8 times higher than the rural household’s income, 
and grew 2.8 times faster than rural household’s income for the period 2000-2004. 
68% of total households’ income in 1999 was through paid employment.®
Four surveys on household expenditure have so far been carried out by the 
Department of Statistics. They are for 1973, 1980-1982,1993-1994 and 1998-1999. 
Figure 2.4(a) shows that over time, households are spending a larger percentage
®An urban area as defined by the Department of Statistics, includes gazetted areas with 
their adjoining built-up areas which had a combined population of 10,000 or more.
^Hardcore poverty if monthly household income is less than the food Poverty Line Index 
(PLI) which is RM415. The non-food PLI for urban household is RM687 and rural households 
RM698.
®The Ninth Malaysia Plan, page 332.
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1980 1990 2000 2005 2010*
DIRECT TAXES 
Companies income tax 18.2 15.2 22.5 24.8 23.5
Petroleum income tax 12.5 9.0 9.7 13.7 12.3
Individuals income tax 7.1 8.5 11.3 8.1 8.1
Stamp duties 1.3 2.2 2.9 2.3 2.1
Others 0.5 0.4 0.7 1.4 1.0
sub-total 39.5 35.2 47.1 50.4 47.0
INDIRECT TAXES 
Export duties 18.4 6.7 1.7 2.0 1.9
Import duties 14.8 11.6 5.8 3.2 2.7
Excise duties 7.0 7.7 6.1 8.1 9.1
Sales tax 5.0 8.3 9.6 7.3 10.3
Service tax 0.2 0.4 2.7 2.4
Others 1.7 2.1 3.1 2.5 2.5
sub-total 47.1 36.7 29.1 25.4 26.4
NON TAX REVENUE 
Licences and permits 4.0 4.3 6.1 4.7 6.9
Petroleum royalty 2.5 2.1 2.8 3.1
Interest and returns on investment 3.4 15.6 11.9 14.0 17.3
Others 2.2 1.5 1.9 1.8 1.7
sub-total 12.0 23.5 22.8 23.6 25.9
Non-revenue receipts 1.4 4.5 1.0 0.6 0.7
Total 100.0 100.0 100.0 100.0 100.0
Table 2.7: Federal Government Tax Revenue (in percentages)
* 2010 is an estimates in the 9th MP. In 2010, Service tax is included in the Sales tax and
Petroleum Royalties in Others
source: Central Bank of Malaysia and 9th MP
of their income on gross rent, fuel and power. In the 1998-1999 survey, gross 
rent, fuel and power accounted for 22% of total households expenditure. In 
Figure 2.4(b), rural households spent a larger percentage of their income on food 
compared to urban households. On the other hand, urban households spent a 
larger share of income on gross rent, fuel and power than rural households.
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RM Million
Average 
Annual 
Growth (%)
2000 2005 2010 8MP 9MP*
Operating Expenditure 56,547 97,744 135,723 11.6 6.8
Emoluments 16,357 25,587 34,677 9.4 6.3
Supplies and Services 7,360 17,984 28,943 19.6 10
Debt Service Charges 9,055 11,604 18,877 5.1 10.2
Pension and Gratuities 4,187 6,808 9,638 10.2 7.2
Grants to State Government 2,077 2,616 3,374 4.7 5.2
Asset Acquisition 572 1,603 2,440 22.9 8.8
Subsidies 4,824 13,009 6,404 21.9 -13.2
Other 12,115 18,533 31,370 8.9 11.1
Table 2.8: Government Expenditure 
^estimates 
source: Ninth Malaysia Plan
1999 2004
Malaysia Urban Rural Malaysia Urban Rural
Hardcore Poverty*
Incidence (%) 1.9 0.5 3.6 1.2 0.4 2.9
Hardcore Poor (’000) 91.7 11.9 79.8 67.3 14.1 53.2
Overall Poverty**
Incidence (%) 8.5 3.3 14.8 5.7 2.5 11.9
Poor (’000) 409.3 86.1 323.2 311.3 91.6 219.7
Total Households (000) 4,800.0 2,612.5 2,187.5 5,459.4 3,605.9 1,853.5
Mean Income (RM) 2,472 3,103 1,718 3,249 3,959 1,875
Mean Expend. (RM) 1,631 1,943 1,270 - - -
Table 2.9: Incidence of Poverty 
^Household with monthly gross income of less than food Poverty Line Income (PLI). 
** Household with monthly income below PLI.
source: Ninth Malaysia Plan, Households Expenditure Survey
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No. of Paid Employ­ Motorcar Air
Households ment (person) 1 unit 2 units 3 units Conditioner
Urban 3,014,514 4,997,052 1,387,917 338,859 78,415 687,168
Rural 1,763,062 2,460,819 475,107 55,327 12,116 88,190
Total 4,777,576 7,457,871 1,863,024 394,186 90,531 775,358
Table 2.10: Selected Socio-economic Data for 2000 
source: Population and Housing Census of Malaysia, 2000
One of the effects of this rapid expansion of the economy is a migration of rural 
households, especially amongst the indigenous Malays. This is evidenced from 
Table 2.9, where rural households as a percentage of total households decreased 
from 45% in 1999 to 33% in 2004. Consequently, this has led to the burgeoning 
of new residential houses in urban and sub-urban areas. In 1991, there were 3.8 
million units of houses and apartments recorded in Malaysia, 82% of which were 
located in Peninsula Malaysia. Of this number, close to 2 million units were in 
urban areas (1.7 million households) and another 1.9 million units were located 
in the rural areas (1.68 million households).® In addition to a rapid increase in 
the number of houses, there is also higher demand for more and bigger rooms. 
As electricity is a necessity for every household, the exceptional increase in the 
building of new residences, as well as their design, unavoidably leads to an increase 
in electricity demand. Furthermore, as the standard of living improves, demand 
for ‘comfort’ also increases. Table 2.10 shows that 16% of Malaysian households 
have an air-conditioning unit in their home. These are mostly urban households, 
with 22% of them have the unit.
The number of vehicles has also increased over time. In a period between 
1980 to 2003, the total number of vehicles in Malaysia grew by 400% from about 
2.3 million vehicles in 1980 to almost 12 million vehicles in 2003. The growth 
was at an average rate of 7.2% a year. Private motorcycles and motorcars, which 
are largely fuelled by petrol, are the dominant mode of transportation with close 
to 90% of total vehicles.^® The number of vehicles per capita grew from 0.17 in
^source: The Ministry of Housing and Local Government 
^°Road Transport Department, Malaysia.
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Figure 2.4: Trend in Household Expenditure 
source: Household Expenditure Surveys
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1980 to 0.46 in 2003. For the same period, petrol demand per capita rose from 
120 litres in 1980 to 380 litres in 2003. Transport energy intensity, if expressed in 
term of litres per total vehicle, increased from 725 litres in 1980 to 825 litres in 
2003. In a population and housing census carried out in 2000 (Table 2.10), 46% 
households in the urban area own a car, 11% have two cars and 3% have three 
or more. In contrast, only 26% of rural households own a car.
2.3.6 Sum m ary
Malaysia has undergone a tremendous changes, both structurally and economi­
cally. From an agricultural based economy, Malaysia has become one of the most 
industrialised nations in the region. Manufacturing activities, especially elec­
tronic manufacturing, has become the ‘backbone’ of the Malaysian economy. As 
Malaysia relies more on its exports and imports, Malaysia is susceptible to exter­
nal shocks such as a rise in the world crude oil price. Although Malaysia is an oil 
exporting country, a global increase in oil price may adversely affect her trading 
partners which, in turn, may also have indirect impact on Malaysia’s economy. 
As the manufacturing sector is the biggest foreign exchange earner, its activities 
(especially electronics) are delicate in the sense that they have to remain com­
petitive to maintain and gain global market share. Externally, they have to deal 
with the rise of new economic powers like China and India. Domestically, they 
have to deal with rising cost of inputs especially fuels. Additionally, increasing 
pressure for trade liberalisation through the ASEAN Free Trade Agreement or 
AFTA means they can no longer rely on tariff shields for the domestic market 
but must compete on an equal footing.
Household demand for energy consuming goods grows as per capita income 
rises. This means that a change in energy prices will have bigger impact on the 
welfare of the households. Urban households, of which a significant proportion 
own at least one car, would be most affected if the fuel price rises. Poverty is more 
prevalent among rural households, although over the years it has been declining. 
If, as a result of increase in fuel prices, there is an increase in food prices, rural 
households (of which a significant proportion is poor) would suffer more as they 
spend more of their income on food compared to urban households.
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Malaysia in an oil producing country since 1882^  ^ and produces one of the finest 
crude oils (Tapis Blend). A major oil discovery that has changed Malaysia’s 
economy structurally was in 1971, off the shore of Terengganu state (in the east 
part of Peninsula Malaysia). Through this huge natural endowment, Malaysia 
has become a net oil exporter. In 1974, Malaysia discovered major gas fields, 
also in Terengganu. These new endowments necessitate the establishment of 
institutional framework in the energy sector.
2.4.1 Energy Institu tions
Gas
Cabinet
EPUMEWC
PTM
MOF
Electric
Gas Companies
Power Companies
Energy Commission
PETRONAS
Figure 2.5: Institutional set-up for energy sector
The energy policy-making process in Malaysia involves various key institu­
tions. The Economic Planning Unit (EPU) is the agency responsible for policy 
design for the government. The energy planning is carried out by the Energy 
Section of the EPU. Figure 2.5 provides a schematic diagram of the interrelation
iipETRONAS web page at www.petronas.com.my.
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between these institutions. The Ministry of Energy, Water and Communication 
(MEWC) is the responsible agency for implementing energy policy. The Energy 
Commission (EC) was set up in May 2001 as a regulatory body for both gas 
and electricity supply. Its main responsibility is to act as a regulatory body or 
watch dog for the energy sector. The EC is also responsible for issuing licenses 
to prospective renewable energy producers under the Small Renewable Energy 
Project (SREP) programme. Pusat Tenaga Malaysia (PTM) is a company es­
tablished in 1995 under a special grant from the Ministry of Energy, Water and 
Communication. The purpose of this institution is to support the government on 
energy policy matters through policy analysis and research.
There are three main power utilities in Malaysia. Tenaga Nasional Berhad 
(TNB) is the main power generator in Peninsula Malaysia, and also owns the 
transmission and distribution of electricity in the peninsular. Sarawak Electric­
ity Supply Corporation (SESCO) is a company responsible for the generation, 
transmission and distribution of electricity in the State of Sarawak. 51.6% of 
the company’s stake is owned by the Sarawak state government and 45% by 
the Sarawak Enterprise Corporation Berhad (SECB), a public listed company in 
which the state government holds a controlling in te re s t.S ab a h  Electricity Sdn 
Bhd (SESB) is the main company supplying and distributing electricity in the 
state of Sabah. It is 80% owned by TNB and the remaining 20% is owned by 
the state government. The remaining supply of electricity comes from Indepen­
dent Power Producers (IPPs) which were brought into the market since 1998. 
Petrolium Nasional Berhad (PETRONAS) is a company wholly owned by the 
government of Malaysia and was incorporated on 17 August 1974. PETRONAS 
has the exclusive right over the production of both crude oil and natural gas in 
Malaysia and began its first exports in 1975. In 2004, PETRONAS made RM58 
billion in profit before tax (PETRONAS Annual Report, 2004). The government 
is also a major shareholder in electricity companies (except IPPs). The Ministry 
of Finance is the ministry that is responsible for the government interest in these 
companies.
^^SESCO’s website at www.sesb.com.my.
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2.4.2 Energy P olicy  D evelopm ent
The government’s initial response to new oil and gas resources was the Petroleum 
Development Act (PDA) in 1974 and the incorporation of PETRONAS. In 1975, a 
National Petroleum Policy (NPP) was enacted to regulate the oil and gas industry. 
In 1979, a National Energy Policy (NEP) was announced; it is this policy that 
forms the core guidelines of the development of the energy sector until today. It 
has three objectives, namely:
1. Supply objective: To ensure an adequate, secure and cost-effective energy 
supply by developing and utilising alternative renewable and non-renewable 
energy resources.
2. U tilisation  objective: To promote the efficient utilisation of energy by 
discouraging wasteful and non-productive patterns of energy consumption.
3. Environm ent objective: To minimise negative environmental impacts on 
the energy supply chain.
source: The Ministry of Energy, Water and Communication.
A National Depletion Policy (NDP) was introduced in 1980. The aim of 
the NDP is to safeguard the exploitation of the national oil and gas reserves 
by applying control limits to major oil fields. The current limit is set at 3% 
of oil initially in place (OIIP). This is equivalent to about 650,000 barrels per 
day. The limit for natural gas is set at 2,000 million standard cubic feet per day 
(mmscfd).^^ Other follow-up policies on energy were incorporated in the five-year 
plan. A four-fuel policy was introduced in 1981 to increase greater utilisation of 
natural gas and reduce the national dependence on oil. In the Eighth Malaysia 
Plan, which covered a period between 2000 to 2005, the government has extended 
the policy strategy to include RE as the fifth fuel, to further reduce the nation’s 
dependence on oil and natural gas, and is known as the Fifth Fuel Policy.
'^^The Energy Commission of Malaysia.
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2.4.3 Energy Supply
Energy supply can be divided into two parts; primary and secondary energy 
supply. Primary energy supply is the supply of energy in its natural form without 
any transformation into other petroleum products. In Malaysia, the main sources 
of primary energy are natural gas, crude oil, hydro and coal.^  ^ Oil and gas account 
for 97-98% of total primary energy production. Figure 2.6 shows the production 
of crude oil and natural gas over the last 25 years. Both crude oil and natural gas 
show an increasing trend in production levels, though the production of crude oil 
did decline over the period of the financial crisis.
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Figure 2.6: Indigenous Production 1978-2003
Natural gas, on the other hand, is abundant. Production began in 1973^ ®, 
and by the year 2002, production stood at 1.7 trillion standard cubic feet. The
^^Some petroleum products that are imported from the rest of the world (no domestic 
transformation process) are considered as primary supply.
Associated gas only
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production is keeping up with greater demand from power generation, gas dis­
trict cooling, natural gas vehicles (NGV) and demand for LNG. Internationally, 
Malaysia is the 22nd largest oil producing and 13th largest natural gas producing 
country .M alaysia is also currently the 3rd largest exporter of LNG. Nonethe­
less, Malaysia’s crude oil production is still too small in relation to the global 
market to have any influence on world crude oil prices. Malaysia exports large 
amounts of its oil, as domestic oil is of high grade and quality (low sulfur content). 
To meet domestic demand for petroleum products, Malaysia imports about 30% 
of crude oil for domestic refineries (The National Energy Balance, 2003).
Coal is available in Malaysia; however the bulk of it is in very remote areas of 
East Malaysia and hence it is not economically viable to exploit them at this time. 
The type of coal ranges from Bituminous, Sub-bituminous, Cooking coal. Semi­
anthracite, Anthracite, and Lignite. Bituminous, Anthracite and Semi-anthracite 
are said to have low ash, very low sulphur and high gross calorific value.
Hydro power supplies about 6% of total fuel intake for power generation in 
2003. As in Table 2.11, the potential hydro electric capacity for Malaysia is 
25,000MW and most of this potential is available in the state of Sarawak in East 
Malaysia.
Capacity (MW) Energy Output(GWh)
Peninsular Malaysia 4,000 16,000
Sarawak 20,000 87,000
Sabah 1,000 4,000
Total 25,000 107,000
Table 2.11: Hydro Electricity Potential as of 2003 
source: NEB 2003, PTM
Other forms of energy from natural resources include renewable energy such 
as biomass, solar and wind. Malaysia acknowledges the importance of renewable 
energy (RE) as an alternative fuel. In the Eighth Malaysia Plan, renewable energy 
is named as the fifth fuel to supplement energy supply from conventional energy
Annual Statistics.
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resources. This was also emphasised in the Outline of Perspective Plan 3 (0PP3; 
2001-2010):
Sustainable development of the energy sector is important in ensuring 
competitiveness of the economy. Efforts will be undertaken to man­
age both depletable and renewable energy resources to cater for the 
demand of the economy;
To supplement the conventional supply of energy, new sources such 
as renewable energy will be encouraged. Of these, biomass resources 
such as oil palm and wood waste as well as rice husks, will be used 
on a wider basis mainly for electricity generation. Other potential 
sources include palm diesel and hydrogen fuel.
The biggest potential of renewable energy sources for electricity generation 
comes from palm oil residues (Malaysia Palm Oil Board (MPOB), 2002). Primary 
sources are empty fruit bunches (EFB), fibres and shells. Table 2.12 shows that 
about 2,400 MW of electricity generation could come from palm oil biomass. 
Electricity potential from EFB was estimated to be around 521MW, whereas 
that from shell and fibres’s were estimated to be around 1,500 MW. Methane gas 
could potentially generate 1,602 million KWh or 1,602 GWh.
A secondary source of renewable energy can be obtained by converting palm 
oil into bio-diesel. Palm diesel does not require any form of modification to ex­
isting diesel powered engines if mixed with conventional diesel in an appropriate 
ratio .R ecognising this potential, a National Bio-fuel policy was announced in 
August 2005, in part, requiring all diesel sold at pump stations to be blended 
with 5% bio-diesel and 95% fossil based diesel. As of 2006, 75 bio-diesel refining 
projects have been approved. The Ministry of Plantation, Industries and Com­
modities estimated that about 8.6 million metric tonnes of palm oil will be used 
as feedstock.
Energy Reserves
As of 2003, estimated reserves for crude oil and natural gas were 4.55 billion 
barrels and 89 trillion standard cubic feet respectively (the crude oil reserve shows 
^®Palm Diesel: Green and Renewable Fuel from Palm Oil, Malaysia Palm Oil Board
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Production
(Thousand
Tonne) Residue
Residue
product
Ratio
Residue
(Thousand
Tonne)
Potential
Generated
Energy
PJ
Potential 
Electricity 
Generation 
( MW)
59,800 EFB at 65%MC 21.14 12,641.70 57 521
Fiber 12.72 7,606.60 108 1032
Shell 5.67 3,390.70 55 545
Total Solid 16,670.60 220 2098
POME(3.5m  ^ per ton of CPO/65% of FFB) 38,870 320
Table 2.12: Palm Oil Power Generation Potential 
source: Malaysian Oil Palm Statistics 2002, 22nd Edition, MPOB.
Resources Production Reserve
Oil
Natural Gas 
Coal
Hydro-Electric
744.4 thousand barrels per day
6.420.4 mmscf/day 
170,130 met. tonnes 
5,150 MWh
4.55 billion barrels 
89 trillion scf 
1,483.06 million tonnes 
29,000 MW
Table 2.13: Primary Energy Reserve 2003 
source: The National Energy Balance 2003, PTM
a decline from over 4.6 billion barrels in 1996; The National Energy Balance, 
2003). The annual productions of oil and gas in 2003 were around 271 million 
barrels and 2.34 billion standard cubic feet respectively. By dividing the estimates 
of available reserve to the annual rate of utilisation, it can be inferred that the 
reserve for oil and gas will last for another 16 and 38 years respectively.^® In other 
words, unless there is a drastic change in the energy consumption behavior and/or 
availability of new energy sources, a possible energy crunch is to be expected 
somewhere in the year 2015/2016.
As mentioned earlier, only a small amount of coal is currently being mined 
in Malaysia, In 2003, 1,483 million tones of coal reserves have been estimated. 
The largest coal deposits are located in East Malaysia, in the Merit-Pila area in 
central Sarawak, and the Meliau basin in the south-central Sabah (Department
^®Subject to new discoveries
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Types
Reserves 
(Million tonnes)
Production
(Tonnes)
Peninsular Sub-bituminous 17 -
Sarawak Cooking coal. Semi-anthracite, 
Anthracite, Sub-bituminous, 
Bituminous & Lignite
1,228 170,130
Sabah Sub-bituminous, Bituminous 238 -
Total 1,483 170,130
Table 2.14: Coal Reserve and Production 
source: The National Energy Balance 2003, PTM
of Geo-science, Malaysia).
Electricity Production
Total installed capacity (utilities and IPPs) as of 2003 is 18,800MW.^® 58.2% of 
the capacity is gas turbines (open and combined cycles), 19.3% is coal, 11.3% is 
hydro, 7.5% is oil, 3.4% is diesel and the rest are other fuels. Coal was first used in 
the power generation when TNB commissioned its first coal-fired plant (300MW 
x2) in Kapar, Port Klang in 1988. As the government intends to diversify on 
fuel choice and prevents overdependence on natural gas, another two coal-fired 
units of 300MW each were commissioned by TNB in Kapar phase II development. 
In Sarawak, a lOOMW coal-fired plant in Sejingkat was commissioned in 1998. 
The coal-fired plant capacity was further expanded with the commissioning of 
the 2,100MW TNB Janamanjung plant in Perak (western side of the peninsu­
lar). Another IPP operated coal plant is scheduled to be completed in 2006 with 
1,400MW capacity. The total capacity from coal power generation is expected 
to be 5,300MW by 2005 with total coal consumption of 13.25 million tonnes as 
shown in Table 2.15.
As only a small amount of coal is domestically produced, imports of coal are 
expected to increase tremendously once all committed coal power stations are in
Statistic of Electricity Supply Industry in Malaysia, Energy Commission. Figure is exclud­
ing co-generators.
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1998 2000 2005*
Capacity Dem and Capacity Dem and Capacity Dem and
Power Station (MW) (M T) (MW) (MT) (MW) (M T)
Kapar 11 600 1.40 600 1.40 600 1.40
Kapar 111 1,000 2.50 1,000 2.50
Janam anjung 2,100 5.25
IPP* 1,400 3.50
Sejingkat* 100 0.30 100 0.30 200 0.60
Total 700 1.70 1700 4.20 5,300 13.25
Table 2.15: New Coal Power Generation 
^expected
source: Economie Planning Unit (EPU), The Prime Minister’s Department.
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Figure 2.7: Goal Imports 1978-2003 
source: The National Energy Balance, various years
operation. Malaysia’s import of coal already surged by 71% between 1998-2003 
(Figure 2.7) and this is expected to increase further with the commissioning of
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new plants.
Hydro electricity accounts for about 6% of the total electricity generated in 
2003. Many of these hydro electric plants are smaller in size (less than 150MW 
capacity). However, the government has revived the construction of Bakun hydro 
electric dam in Sarawak with a total capacity of 2,400MW. This will provide 
ample capacity to meet the projected increase in demand from Sarawak, Sabah 
and possibly (export) Kalimantan, Indonesia.
Prior to the discovery of natural gas fields, fuel oil was the main fuel used 
for electricity generation. In Figure 2.8, it can be seen that diesel and fuel oil 
were gradually phased out and replaced with natural gas and coal. This is in 
line with the energy policies that encourage utilisation of natural gas and fuel 
diversification. By 2003, coal accounted for about 25% of the fuel share in thermal 
electricity generation.
100%
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Figure 2.8: Fuel Use in Power Generation 
source: The National Energy Balance, various years
Apart from the IPPs, electricity is also being generated by other non-electricity 
sectors through co-generation. PETRONAS Gas Berhad in Kerteh and PETRONAS
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owned Gas District Cooling (M) Sdn Bhd in Sepang are the two examples. The 
share of electricity generated is however very small. Other generators include 
off-grid (private) generators and co-generators such as palm oil mills.
Power Generator Capacity %
TNB 10,263 50.6
SESB 466 2.3
SESCO 560 2.8
IPPs 7,192 35.5
Public Co-Generation 564.5 2.8
Private Co-Generation 231.8 1.1
Self-Generation 987 4.9
20,264.3 100%
Table 2.16: Generation Capacities in MW (2003)
note: Only plants that are in operation, 
source: Statistics of Electricity Supply Industry in Malaysia 2004 Edition, Energy Commission
Refineries
Malaysia has six refineries, with a total processing capacity of 513,600 barrels per 
day. The largest are the 155,000 barrel per day Shell Port Dickson refinery and 
the PETRONAS refineries, which both have a capacity of processing more than 
100,000 barrels per day (Table 2.17).
2.4.4 Energy D em and  
Final Energy Demand
The demand for primary energy is a derived demand; it depends on the demand 
for final energy such as electricity, and petroleum products (motor petrol, diesel, 
fuel oil, LPG, kerosene and aviation gas). Demand for these final energies are 
in turn driven by other factors such as increase economic activities, production 
efficiency and energy management strategy. Figure 2.9(a) shows the trend in 
energy demand for the period between 1978 to 2003. The demand for energy
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Location ’000 barrel per day
SHELL : Port Dickson 155
ESSO : Port Dickson 88
PETRONAS : Kertih* 40
Melaka Too
PETRONAS/ConocoPhillips: Melaka 100
Total 483
Table 2.17: Refinery Capacity 
* excluding condensate splitter of 63,500 bpd 
source: National Energy Balance (NEB) 2003
rose steadily at an average rate of 8% year on year. Figure 2.9(a) also shows an 
important observation that the energy consumption per unit of GDP (or energy 
intensity) was also increasing steadily over the period. This means that, year 
by year, more energy is needed to produce a unit of output suggesting that the 
production of goods and services is not energy efficient. Figure 2.9(b) shows the 
decomposition of energy intensity. Petroleum intensity fell during the recession 
in 1987 and has been more or less constant since. The increase in intensity is 
therefore caused by the intensive consumption of electricity year on year.
Major consumers of final energy are the industrial and transport sectors; these 
two accounted for almost 80% of total final energy demand in 2003 (Figure 2.10). 
The industrial sector is a very broad-based sector ranging from manufacturing to 
mining and construction. Figure 2.11(a) shows that the share of electricity and 
coal as energy inputs increased, while the share of fuel oil and diesel decreased. 
The share of natural gas grew over the period. In fact, the share of natural gas 
over total energy consumption by the industrial sector in 2003 was 31% whereas 
the share of diesel was at 25%. This is an important observation as it indicates 
that over time, there is substitution between fuels in the industrial sector.
In the transport sector, the two main land transport fuels are petrol and 
diesel. As of 2003, 59% of land transport fuel was petrol, 40% was diesel and the 
remaining were electric and gas. Natural gas vehicles (NGV) were introduced in 
1994 and used in taxis whereas electric trains were introduced in 1996. Natural 
gas used in vehicles has increased in recent years. In 1994, there was only 7 KTOE
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Figure 2.9: Final Energy Consumption 1978-2003 
source: The National Energy Balance, PTM
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Figure 2.10; Energy Consumption by Sectors 
source: The National Energy Balance, PTM
of natural gas used in road transport. By 2003, this increased to 40 KTOE. 
Although a short time series for natural gas may not reflect the fuel substitution 
for transport fuel, there is potential that natural gas may increase its share in 
the future, especially when petrol and diesel prices increase. PETRONAS has 
recognised this potential by building more NGV refilling stations.
Residential energy demand consists of demand for electricity, LPG, kerosene 
and natural gas. Time series data on residential consumption is only available 
since 1997. Prior to this, the data was aggregated with the commercial sector. 
Table 2.12(a) shows that electricity consumption has increased sharply since 1999. 
In 2003, electricity accounted for about two thirds of the total energy consumed 
by the residential sector. LPG on the other hand is the second biggest fuel share 
in the residential sector, whereas only small amounts of natural gas (5 KTOE) 
were used in 2003.
44
2.4 M alaysia Energy System  and Structure
100% -- 
90% --
80% --
70% --
60% --
H 50% --
CL.
40% --
30% --
20% --
10% --
0% --
Year
□  Coal ■Refinery Gas d LPG DPetrol «K erosen e □  Dies el o F u e lO il □ Electricity □Natural Gas
(a) Industrial Energy Consumption (1978-2003)
100%
80%
60%  - -
40%  - -
20 %
0 %
i g a § §83
Figure
Year
□  Petrol □A viation Gas □  Diesel □  Natural Gas ■Electricity
(b) Transport Energy Consumption (1978-2003)
2.11: Energy Consumption in Industrial and Transport Sectors 
source: The National Energy Balance, PTM
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2.4.5 Sum m ary
As of now, Malaysia has an adequate supply of crude oil and natural gas. Al­
though natural gas is abundant, crude oil has shown signs of scarcity. Malaysia 
responded to diversification of fuel by expanding its coal power generation to 
about 25-30% of generation capacity. Two major effects are to be expected; an 
increase in the imports of coals and the levels of emissions. Although renewable 
energy is a viable option, progress is slow and much more is needed to be done.
The energy demand intensity is showing an increasing trend and it would 
certainly be interesting to find out how much the price mechanism can affect 
consumption (and hence the intensity), especially electricity consumption. In­
dustrial and transport sectors are the major consumers of energy. An energy 
policy that is targeting these sectors would have a major impact on total energy 
consumption. Both of these sectors also consume a large amount of diesel. There 
is evidence that over time, diesel may have been substituted for natural gas in 
the industrial sector.
2.5 Conclusion
Recent crude oil price hikes have had a tremendous impact on the national econ­
omy. Although on one hand the government earns higher returns and tax revenues 
from profitable oil companies, on the other, the government pays out a substan­
tial amount through fuel subsidies. Removing this subsidy may not as easy as it 
seems. For example, the industrial and transport sectors are largely dependent 
on diesel and petrol. The fuel subsidy removal will have a negative impact on the 
manufacturing sector which contributes 85% of exports and employs two million 
people (about 22% of labour force) in 2000. Households on the other hand are 
dependent on LPG and electricity. As seen above in Figure 2.4(a), households 
are spending more and more on gross rent and fuel. An increase in energy prices 
would result in companies cutting costs and may lower households employment 
and capital income. Increases in imports of coal will reduce the dependence on 
natural gas in power generation, but will have an effect on the balance of trade 
and the environment. Malaysia also has sufficient supply of renewable energy
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sources, especially palm oil biomass. Unfortunately, this potential is not well 
attended to as the focus is more on fossil fuels, especially coal.
48
Chapter 3
Literature R eview
3.1 Energy Subsidies
A subsidy is one of the most important economic tools in developing countries, 
and is still popular even in developed countries. The difference is that in less 
developed and developing countries, the form of energy or fuel subsidy is obvious 
and almost always being criticised as the source of inefficiency. In less developed 
or developing countries, energy or fuel subsidies are targeted at consumption, i.e 
to protect the consumers (poor) from far reaching basic energy requirement. In 
developed countries on the other hand, subsidies are commonly aimed at produc­
ers, especially in promoting new technologies. According to the United Nations 
Environment Programme (UNEP) and the International Energy Agency (lEA)^, 
producer subsidies, usually in the form of direct payments or support for research 
and development, are most common in OECD countries.
The interpretation of energy subsidies may be different in different countries. 
Many countries could not agree on what should or should not be included in 
energy subsidies definition (European Environmental Agency, 2004). The World 
Bank broadly defines subsidies as the difference between the reduced cost of 
a good with government support and its cost in the absence of such support, 
de Moor & Calami (1997) define subsidies similarly as:
ItReforming Energy Subsidy’, UNEP/EIA 2002.
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... all measures that keep prices for consumers below market level or 
keep prices for producers above market level or that reduce costs for 
consumers and producers by giving direct or indirect support.
The lEA defines an energy subsidy as any government action that concerns 
primarily the energy sector that lowers the cost of energy production, raises the 
price received by energy producers or lowers the price paid by energy consumers 
(UNEP/IEA, 2002). There are more complex definitions of subsidies when im­
plicit subsidies, for example tax preferences, are included. Reidy & Diesendorf 
(2003) in their study of subsidy reduction in Australia, include eleven items clas­
sified as subsidies. Among them are tax benefits, import duties, automotive 
support, below cost public agency. Research and Development, and various other 
subsidies and reduction in energy taxes.
F u e l
P r i c e
P ro d u c t io n
S u b s i d y
C o n s u m p t i o n  
'  ’ S u b s i d y
Q u a n t i t y  of 
F uel
E n v i r o n m e n ta l
D a m a g e
Figure 3.1: The Environmental Effects of Subsidies 
source: UNEP & EIA, Reforming Energy Subsidies
Energy subsidies are argued to have caused negative consequences. Among 
them are drains on government finances, undermining of energy providers’ return 
on investment and cost minimisation objective, harming the balance of payments
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and undermining the commercialisation of new technologies (UNEP/IEA, 2002). 
Energy subsidies are also argued to have a negative impact on the environment. 
Figure 3.1 describes the relationship between subsidies and environmental dam­
age. D and S  are the original demand and supply curves with E  is the benchmark 
level of emissions. A consumption subsidy shifts the demand curve from D to Des 
and Qcs is what consumers would be willing to purchase with the ‘extra’ income 
(subsidy) they have. This increase in demand for fuel will increase emission and 
environmental damage from E  to Ecs- A production subsidy on the other hand, 
shifts the supply curve from S  to Sps and rises emissions to Eps. The final effect 
will depend on the price elasticity of demand and supply. The more elastic the 
supply and demand is, the bigger the effect on environmental damage will be.
Energy subsidy reduction is a very delicate issue in developing countries. Al­
though theoretically it contributes towards overall improvement in efficiency and 
perhaps the environment, there are other factors that are peculiar to a particular 
economy that need consideration. For example, the effect on poverty and hard­
core poverty or the response of general public and private producers. A general 
equilibrium model is capable of handling multiplying effects of price changes due 
to subsidy reduction. In the following sections, a historical development of a 
CGE model and review the existing literature from journals, working papers and 
technical reports, where the model has been applied to address energy issues in 
general and energy subsidies in particular, will be presented.
3.2 A Com putable General Equilibrium M odel
3.2.1 H istory
A general equilibrium model was developed from Walras (1874) in his book 
Eléments d ’économie politique pure ou Théorie de la richesse sociale and Edge- 
worth (1881). The model was later ‘formalised’ by Arrow & Debreu (1954) and 
others by proving the existence of an equilibrium for a competitive economy. 
The solution was based on the main assumptions that both the production func­
tion and the utility function yield convex isoquants and utility curves (Arrow & 
Debreau, 1954). Shoven & Whalley (1992) define a general equilibrium model as:
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... one in which there are markets for each N  commodities, and con­
sistent optimization occurs as part of the equilibrium. Consumers 
maximizing utility subject to their budget constraint, leading to the 
demand side specification of the model. Producers maximize profits, 
leading to the production-side specification. In equilibrium, market 
prices are such that the required equilibrium conditions hold. Demand 
equals supply for all commodities, and in the constant-return-to-scale 
case zero profit conditions are satisfied for each industry. (Shoven & 
Whalley, 1992:9)
The above definition offers a complete description of general equilibrium. The 
assumption of a constant return to scale in the above definition ensures that in 
the long run, the market price equals the average cost of production, and that all 
producers are earning zero profit. This is a direct result of the assumptions of a 
competitive market (homogeneous products, large number of buyers and sellers, 
free entry and exit and perfect information) which ensures a convergence to a 
steady state.
The first computable version of the model was the work of Johansen (1960) 
and the first CGE model that was applied to energy policy was by Hudson & 
Jorgenson (1974). In Hudson & Jorgenson (1974), a CGE model is used to 
investigate the effect of ‘BTU tax’ (energy tax) in the U.S.A and to consider a 
specific tax structure that would be required if U.S wants to be independent from 
energy import. The study was in response to the first oil crisis in 1973. The crisis 
has emerged again since 2004.
There are two main approaches to solve a large and complex CGE model; a 
programming technique or to solve as a system of equations. The mathemati­
cal programming approach to solve the CGE model originates from the work of 
Negishi.^ It was later developed by Ginsburgh & Waelbroeck (1976) and others to 
handle larger multi-sectoral models. In Devarajan et al (1994), this programming 
approach had been used to solve the World Bank’s 1-2-3 model. A single con­
sumer consumed composite commodity Q and maximises utility by maximising 
Q subject to constraints as described below:
^Negishi’s theorem established “the equivalence between Arrow-Debreu equilibrium problem 
and a specific mathematical programming problem” (Wobst, 2001).
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maxQ = f{M ,D ^;a )  (3.1)
with respect to M, E, D^,  subject to:
(3.2)G { E ,D ^ ,Q )< X  shadow price A"’ =  P^/P^
• M  < pw^ ' E  Ë  shadow price =  R/P^
pD  ^  p S  shadow price = P^/P^
where X  is the aggregate production, M  is the import, is the demand for
domestic goods, a is the import elasticity of substitution, E  is the export, 
is the supply of composite goods, P^ is the price of aggregate output, p^ is the 
domestic price of domestic goods, P^ is the price of composite goods, pw’^  is the 
world price of import goods, pw^ is the world price of export goods, Ë  is the 
balance of trade, R  is the exchange rate, and As are the respective shadow prices. 
These shadow prices correspond to market prices in the model.
There are three distinct techniques used in a system approach. The first 
technique is a linear approximation technique as was used by Johansen (1960) 
in his Multi-Sector Growth Model (MSG) for Norway. The technique involves 
linear approximations to non-linear total derivatives. As Bergman (2005) put it, 
the MSG model was intended to be an approximation of a complex but largely 
unknown “true” model. A detailed discussion and illustration of this approach 
is available in Dixon & Parmenter (1996). The equations in this type of model 
are presented in a percentage form. Following Dixon & Parmenter (1996) and 
Horridge (2000), a typical linear approximation technique can be presented as:
F(14,l^) =  0 (3.3)
where V\ is the endogenous variables and V2 is a vector of exogenous variables 
and F  is a system of non-linear equations. The linearised approach assumes that 
there are initial solutions ( i f ,  F^) drawn from historical data such that:
F{V’ ,Vi) =  Q (3.4)
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Totally differentiating Equation 3.3 gives:
Fi{V,‘ ,V^‘)dVi + F2 ( y ‘ ,V ’)dV2 = 0 (3.5)
where Fi and Fg are matrices of partial derivatives of F  evaluated at initial 
solution. dVi is approximated as:
dVi = B{V^)dV2 (3.6)
where
B{V‘) = - F ^ \ V ‘)F2(V )^ (3.7)
The true value of is:
dv^i'if^ = B{V‘)dV2 + Higher Order Terms (3.8)
The approximation errors will therefore depend on the size of the high order 
terms of Taylor’s series. This error can however be minimised using multi-step 
Euler’s computation. Among well-known models that inherit this tradition are 
the MSG model for Norway, the MONASH-ORANl model for Australia and the 
ORANl-G for other single country models (Dixon & Parmenter, 1988), and the 
G-Cubed model (Neck et al, 2000, McKibbin, 1998).
The second technique is pioneered by Scarf (1967) using algorithms to locate a 
fixed point (equilibrium solution) through continuous mapping of prices to prices 
until all excess demands are eliminated.^ A numerical illustration of a model using 
Scarf’s algorithm can be found on in Shoven & Whalley (1972). A solution to 
the model is found initially through a process of iteration and later refined using 
linear programming to minimise a set of excess demands. Shoven & Whalley 
(1984) describe their work as:
^Scarf makes use of Brouwer’s fixed point theorem. To illustrate, let 5  be a set of convex, 
closed and bounded [eg (0,1)]. If we continuously map this interval into itself ( /  : [0,1] —> [0,1]), 
then, there exist at least one fixed point such that f {x)  =  x.  In this case, prices can be 
normalised so as to lie on the unit simplex. Fixed point theorem is discussed in further detail 
in Scarf (1993) and Shoven & Whalley (1992).
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...to convert the Walrasian general equilibrium structure (formalized 
in the 1950s by Kenneth Arrow, Gerard Debreu, and others) from an 
abstract representation of an economy into realistic models of actual 
economies. The idea is to use these models to evaluate policy options 
by specifying production and demand parameters and incorporating 
data reflective of real economies.” (Shoven & Whalley, 1984:1007)
The Scarf algorithm does not typically converge quickly and turns out to be 
computationally inefficient for all but extremely small models (Wobst, 2001).
The third technique is solving the model at “level”. The model equations are 
often presented in four main blocks; a price block, a production and trade block, 
an institution block, and a system constraint block. As the computational proce­
dures are becoming more efficient with more powerful computers, this method has 
been widely used especially by the World Bank. Alderman & Robinson (1978), 
and later Dervis et al. (1982) use the technique to solve the model for South 
Korea. As this technique is favoured by the World Bank, the model that uses 
this technique is sometime referred to as ‘The World Bank tradition’ (Bandara, 
1984).
To solve a big and complex model requires powerful algorithm software. Al­
most all GGE models use General Algorithm Modeling Software (GAMS) to solve 
and find equilibrium solutions. GAMS is an algorithm software that can be ap­
plied to any mathematical problems but has proved to work well in solving CGE 
model. The syntax and programming techniques are available in Brooke et al. 
(1992).
3.2.2 A  N eo-C lassical M odel
A neo-classical general equilibrium theory assumes that all agents are pursuing 
their respective objectives and choose a strategy that yield the optimal outcome. 
Consumption is bounded by the theory of consumer choice which assumes that 
a consumer defines a set of utility (satisfaction) as convex and homothetic. A 
rational consumer will then choose the optimal basket of goods and services by 
finding the highest utility allowed by his budget constraint. All producers earn 
zero economic profit. To illustrate the general framework of neo-classical general
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equilibrium, lets have a consumer who consumes two types of commodity Qi and 
Q2 . His or her utility function U can be described in a ‘well behaved’ Cobb- 
Douglas type given as:
U = (3.9)
where ^  is the scale parameter and 9 is the parameter that reflects substitution. 
In a simple model where there is no savings, his or her budget constraint can be 
written as
M  =  +  (3.10)
where M  is the income. Pi and are the respective prices of Q\ and Q2 . A 
constrained optimisation in Lagrangian form can be written as
U = ^Q{Q\-'’ + \ { M - P i - Q i - P 2 - Q 2 )  (3.11)
The reduced form of the first-order conditions
ÔQ1 ' &Q2 MUq, I - 0 VQ2 /  P2 ^
M  = P\ ’ Qi -b P2 • Q2 (3.13)
From Equation 3.12 and Equation 3.13, we obtain
C om m odity dem and
« .  -  (3 .4)
= ~  (3,15)
Firm produces two commodities X \  and X 2 with production functions given as
=  $!/!■“» 1,;-“' (3.16)
%2 =  (3.17)
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where K  and L are capital and labour respectively. If r  and w are the capital 
and labour cost per unit respectively, then, producer’s cost minimisation can be 
written as
min Ci = r K i+ w L i  s.t. X, =
min C2 — TK2 T WL2 s.t. X 2 — ^ 2 X 2 ^L\
(3.18)
(3.19)
Input Demand
Li
Ki
L 2
K 2
Q i
Q 2
4>2
Q2
4>o
(1 -  ai) r  ■ 1
Ol w.
(Oi) w CCI
(1 -  Ai) r .
(1 -  0 :2 ) r ■ 1“2
0:2 w.
(0 2^ ) w CC2
(1 -  0 :2 ) r .
(3.20)
(3.21)
(3.22)
(3.23)
(3.24)
The share of factor cost to total revenue is given as:
rKi/PiQ i = «1
wL\/P\Q\ =  (1 — Oi) 
rK2/P2Q2 =  Oi2 
WL2 /P 2 Q2 = ( 1  — 0 :2 )
(3.25)
(3.26)
(3.27)
(3.28)
Following Walras’s law, all goods supplied are consumed and all factor inputs are 
employed .
Market Clearing
Xi = Qi (3.29)
X 2 =  Q2 (3.30)
K 1 + K 2 = K- (3.31)
Li +  L2 — (3.32)
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Households Income
Y  = r K * ^  wL* (3.33)
Unit Price of Commodity
f . /-^1P i= r-(
There are thirteen equations (two in commodity demand, four in input de­
mand, four in market clearing, one in households income and two in commodity 
prices) with thirteen endogenous variables {Qi,Q2 , %i, Ag, Ai, A 2 , Ti, L2 , r, w,pi,p 2 
and Y). For a system of n equations, there are only (n — 1) independent equa­
tions, therefore the model can only solve for (n — 1) variables. One variable can 
be eliminated by choosing an appropriate numéraire. It is a common practice to 
choose one of the price variables so that the model only solves for relative prices 
only.
Calibrating the parameters
In a general equilibrium approach, parameters in the model are obtained through 
the method of calibration i.e. the benchmark data set is organised in such a way 
that it represents the equilibrium of the benchmark year.'  ^ Shoven & Whalley 
(1984) further describe:
...calibration involves only one year’s data, or single observation rep­
resented as an average over a number of years. A crucial point using 
calibration is that because of the reliance on single observation, the 
benchmark data typically do not identify a unique set of values for the 
parameter of any model. Particular values for the relevant elasticities 
are usually specified on the basis of other research, and these serve 
to identify uniquely the other parameters of the model along with 
the equilibrium observation. This typically places a lot of reliance on
the benchmark year, all income data is matched with expenditure data and all demand 
data is matched with supply data
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literature surveys of elasticities and, as many of the modellers have ob­
served in discussing their own work, it is surprising how sparse (and 
sometime contradictory) the literature is on some elasticity values. 
(Shoven & Whalley, 1984:1018-1020)
For a simple illustration, let suppose a benchmark data can be represented as 
in Table 3.1. This matrix is a square matrix. The second column records activity 
cost (expenditure) of output XI (£10 on capital and £20 on labour). The value 
of XI supplied is £30 (row 2) and £15 for X2 (row 3). Households receives income 
from factor endowments (£15 and £30 from capital and labour respectively in 
row 8) and spends all incomes on commodity XI and X2 (column 8).
XI X2 XI X2 K L H Total
XI 30 30
X2 15 15
XI 30 30
X2 15 15
K 10 5 15
L 20 10 30
H 15 30 45
Total 30 15 30 15 15 30 45
*H represents households 
Table 3.1: A Benchmark Year Data in a Social Accounting Matrix (SAM)
The unknown parameters in the model above are 9, « 1 , 0 :2 ,^ ,  and These 
parameters are calibrated so as to replicate the benchmark data set. In this ex­
ample, utility function and production functions are assumed of a Cobb-Douglas 
type where elasticity of substitution in each function is unitary {a = 1).
From Equation 3.25,
ai = rKi
PiXi
Using data from the SAM,
« 1  =  1  =  0 . 3 3
(3.36)
(3.37)
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and 0.33 for 0 2  using the same procedure. In the model where there is no subsidy 
or taxes, it is common to adopt the ‘Harberger Convention’ where all prices 
equal to unity so that the values in the SAM are also equal to quantities.^ Using 
Equation 3.16,
=  J ^ O .33^ 0 .67  =  1Q 0.33 % 2Q 0.67 =
$ 2  can be found by similar calculation. The value of 6 can be obtained from 
Equation 3.15. In a more general case of Constant Elasticity of Substitution 
(CES) function, we have three parameters (technology, share and elasticity (cr)) 
with only two information from the SAM (the level of output and the tangency 
point); thus, the other parameters can not be determined without knowing the 
value of cr. A common practice is to obtain information on a from other sources. 
Alternatively, if data permits, o can be estimated.
3.2.3 A  Structural M odel
In a neo-classical model, prices are fully flexible to restore the Walras equilibrium. 
There are no macro elements and therefore no “macro closure” (Davies, 2004). 
When a CGE model is applied to a developing country, prices need not always 
be flexible and the market need not always be perfect. Therefore, a GGE model 
for developing country needs modification to take into account these ‘structural 
adjustments’. Robinson (1989) in page 895 states that “The typical approach is 
not to incorporate such theoretical features directly into the empirical model, but 
instead to impose constraints on the model which are essentially ad hoc in that 
they are not related to any endogenous rational behaviour or agents.” Structural 
GGE models have been and still are used by the World Bank.
Lofgren ei al. (2002) formulated a ‘standard’ CGE model known as the IF- 
PRI model.^ It is a static model and has been applied to numerous developing 
countries. Description of variables and parameters in this model are provided in
®This does not apply in the presence of tax as tax creates a wedge between price paid and 
price received.
®IFPRI stands for International Food Policy Research Institute.
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Appendix A. The mathematical model is presented in blocks of equations shown 
below.
Price Block
Import Price
PMc =  pwrric • (1 +  trric) • E X R  +  ^  PQ'^ ■ icnridc (3.39)
d^CT
Export price
PEc = pwCc • (1 — tec) ’ E X R  — ^  PQc • iccdc (3.40)
c'eCT
Demand price of domestic non-traded goods
PDDc — PDSc +  PQd • icdcfc (3.41)
c'ecr
Absorption
P Q c. (1 -  % ) - QQc =  f'DDc ' QDc +  PM c. QMc (3.42)
Marketed Output Value
PAc QAc==PD5'c QDc +  PPc (3.43)
Activity Price
P A , = Y ,PXACac-eac  (3.44)
CGC
Aggregate intermediate input price
PINTAa = Y^PQc-icaca  (3.45)
cG C
Activity revenue and costs
PAa ■ (1 -  taa) ■ QAa = P V A , ■ (3.46)
Consumer price index
C P i  = PQc ■ cwtSe (3.47)
CGC
Producer price index for non-traded market output
D P I  =  Y  ■ dwtsc (3.48)
CGC
61
3.2 A Com putable General Equilibrium M odel
Production and Trade Block
CES Technology: activity production function
QA, = <  [ a : . QVA^Pi +  (1 -  S2) ■ QINTA^P^] ^  (3.49)
CES Technology: Value-added to Intermediate input ratio
_  f  P  IN T Ag \  l+Pa /q crv\
QIN TAa  “ V PVAa ' I - S - J  ^  ^
Leontief technology: Demand for aggregate value added
QVAa =  ivaa • QAa (3.51)
Leontief technology: Demand for aggregate intermediate input
QIN TAa =  inttta • QAa (3.52)
Value-added and factor demands
Q V A a= « r -  (3.53)
/ G F
Factor Demand
W r W F D I S T i ,  = P V A , - ( l - t v a ^ ) - Q V A , - [ Y ^ T a - Q P j f y ^
feF
(3.54)
Disaggregated intermediate input demand
QINTca =  icaca-QINTAa  (3.55)
Commodity production and allocation
Q X A C ^ + Y Q H A a c h  = eac-QAa (3.56)
heH
Output Aggregation Function
Q X, =  a r -  [ E  C  • (3.57)
aeA
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F.O.C. for output aggregation function
P X A C ^  = P X , - Q X , [ Y C - Q X A C - f ^ Y ' ■ 5 2 ‘ -QXAC-»"'‘-^ (3.58)C  • Q X A C -f^ \
a€A'
Output Transformation (CET) Function
Q X, = (^ âl * Q E ;o’^ +  (1 -  %  * Q D ;" ')  ^  (3.59)
Export-Domestic Supply Ratio
<«)
Output transformation for non-exported commodities
QXc =  QDc +  QEc (3.61)
Composite supply function
QQc =  c,;. . QM -/'' -P (1 -  (^^). QD-/':] ^  (3.62)
Import-Domestic Demand Ratio
Composite supply for Non-Imported Outputs and Non-produced imports
QQc =  QDc +  QMc (3.64)
Demand for transactions services
QTc = ^  {icrricc' • QM^ +  icBcd • QE^ +  icdcc' • QD^) (3.65)
dec'
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Institution Block
Factor Income
YF; =  E  WFj ■ WFDISTfa ■ QFfa (3.66)
oGA
Institutional Factor Income
Y I  Fif = shifif • [(1 -  t f f )  - Y F f -  trnsfrrowj • EXR]  (3.67)
Income of domestic, non-government institutions
YIi = ' ^ Y I F i f  Y  ^  TRIIii> +  trnsfri^gav • C P I  -F trnsfvi^raw • E X R
f e F  i'e lN S D N G '
(3.68)
Intra-institutional Transfer
TRIIid = shiiw • (1 -  MPSi>) • (1 -  TIN Sv)  • Y U  (3.69)
Household Consumption Expenditure
EHh =  { 1 -  E  s h i i ih ) - ( l -M P S h ) - { l -T I N S u ) -Y h  (3.70)
i e iN S D G
Household Consumption Demand for Marketed Output
W ^ c h  =  Ic h  H--------------------- :------------------------------------------ - p Q --------------------------- ---------- -------------------------
(3.71)
Household Consumption Demand for Home Output
^ .. / L  - -  Ec/GC W  ' -  EaeA Ec'GC J
QHAach =  7ach+----------------------  P X A C ------------------------------ ------
(3.72)
Investment Demand
Q IN V c =  l A D J  • qinvc  (3.73)
Covernment Consumption Demand
Q Gc  =  G A D J  • ^  (3.74)
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Government Revenue
Y G =  Y ,  • <3^^«
ie lN S D G  f e F  aeA
+  ^  tüa • PA a  • QAa +  ^  irUc ' pWYUc ‘ QMc  * -EAR  
aeA  c€C M
+  ^  tec  ■ p w 6c • Q E c  • E A R  +  ^  tgc • ^ Q c  • Q Q c
C&CE ceC
+ Fgovj +  trsnfrgov,row • ^ A R  (3.75)
f e F
Government Expenditures
EG = Y ^ P Q ,- Q G c+ Y 1  trn s fn ,g „ -C P l  (3.76)
c e c  ie lN S D G
System Constraint Block
Factor Market
J 2 Q F f .  = QFFf (3.77)
aSA
Composite Commodity Market
Q Q c  — ^   ^Q I N T c a  +  ^   ^Q H ch  +  Q G c  +  Q I N V c  +  q d s tc  +  Q T c  (3.78)
ciQA h^H
Current Account Balance for ROW(in FCU)
p w r r i c - Q M c - h ^ t rn sfr ro w j  =  ^  p w 6 c 'Q E c +  ^  trnsfr i^raw +F SA V
ceC M  f e F  cGCE i e lN S D
(3.79)
Government Balance
YG  = EG + G SAV  (3.80)
Direct Institutional Tax Rates
T I N  Si = tinsi • (1 - \-T IN SA D J  ■ tinsOlj) +  D T IN S  • tinsQli (3.81) 
Institutional Savings Rates
MPSi = mpsi ' (1 +  M P S A D J  • mpsOli) +  D P M S  • mpsOl^ (3.82)
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Savings-Investment Balance
MPSi ■ (1 -  T IN Si)  • Y li  + G SAV + E X R  ■ F S A V
ielNSDG
= Y p Qc - QINV^ +  qdstc (3.83)
ceC ceC
Total Absorption
TABS =  ^  ^  P(3, ■ QHch +  X )  Z )  y  PXACcc ■ QHA^ch
h^H c^C q^ A cG(v h^H
+  y  ] PQc ' QGc +  ^   ^PQc ■ QINVc +  ^   ^PQc ' qdstc (3.84)
cec ceC ceG
Ratio of Investment to Absorption
I N V S H R - T A B S  = ^ P Q c-QINVc- \ - J 2 p Qc-Qdstc (3.85)
cec cec
Ratio of Government Consumption to Absorption
G OVSHR ■ T A B S  = Y  PQc ■ QGc (3.86)
cec
In a structural model, there are three macroeconomic balances; the govern­
ment balance, the external balance and the savings-investment balance. The 
government balance is determined by Equation 3.80. The model can be ‘closed’ 
either by treating government savings {GSAV) as fixed or fiexible. If govern­
ment savings are fixed, then Y  G will have to adjust through fiexible direct tax 
rate (variable T I N  Si in Equation 3.75). If instead, T I N  Si is fixed, then the 
government savings in Equation 3.80 is flexible to close the government balance. 
Similarly the external balance {FSAV  in Equation 3.79) is determined by the 
value of imports and exports. Exchange rate can be treated as fixed (flexible for­
eign savings) or fiexible (fixed foreign savings). In the savings-investment balance 
(Equation 3.83), the model can be either investment driven or savings driven. In a 
saving driven closure, variable M PSi (savings rate) in Equation 3.82 is fixed and 
variable lA D J  in Equation 3.73 will adjust to restore the equilibrium. Labour 
supply is fixed as in Equation 3.77 and the wage rate WFi in Equation 3.66 is
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flexible. Unemployment can be modelled by freeing the labour supply {QFSj) 
and fixing WFi.
A dynamic extension of the IFPRI static model is called Marquette for Mil­
lennium Development Goals Simulations (MAMS) Model. A brief description on 
dynamic model is provided in the next section. MAMS is developed by the World 
Bank and is currently being used in joint projects between the World Bank and 
the United Nations Development Programme (UNDP). MAMS is being used to 
analyse the Millennium Development Goals (MDG’s) such as poverty, education, 
safe water etc in poor or developing countries. The model has been applied to 
Ethiopia, followed by fifteen other countries in Latin America and the Caribbean 
Lofgren & Diaz-Bonilla (2006a). The core model equations are available in Lof- 
gren & Diaz-Bonilla (2006b).
3.2.4 S tatic, D ynam ic and R egional M odels
Within a CGE model there are sub-classes of models. A static model is a model 
based on single period where effects of exogenous shock stops within that pe­
riod, and are measured as comparative to the initial state. A dynamic model on 
the other hand, accounts for inter-temporal effect through investment, interest, 
depreciation and population growth. These dynamic features can be modelled 
as recursive or forward looking. A recursive dynamic model solves the model 
period by period. Therefore decisions about production, consumption and in­
vestment are made only on the basis of prices in the period of decision, and this 
often referred to as “myopic” expectations (Gurgel et al, 2007). A forward look­
ing model on the other hand assumes that agents have perfect knowledge about 
what will happen at the end of the modelling period. Another class of model is a 
regional model. This class of model usually contains less detailed information on 
an individual region. An example of regional model is a Global Trade Analysis 
Project (GTAP). An extended version of the model incorporating energy and the 
environment is called GTAP-e.
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There have been a few CGE models developed for Malaysia in the past. Demery 
& Demery (1991) assess alternative policy packages against the package used by 
the Malaysian government in dealing with recession in the 1980s. The purpose 
of the simulation was to see what would have happened to poor households had 
the government gone for i) pre-emptive adjustment and acting earlier than was 
actually the case, ii) milder fiscal restraint but bolder devaluation of the Ring­
git (Malaysian currency) and iii) stiffer taxes to raise revenue and correct fiscal 
deficits. Demery & Demery (1991) conclude that although the government had 
many policy options, the chosen policy did much to protect the poor.
Bardai (1991) and Wee (1997) use a CGE model to evaluate tax reform 
in Malaysia in their respective PhD theses. Bardai (1991) uses Keller’s model 
(Keller, 1980) whereas Wee (1997) follows the model approach developed in De­
mery et al (1992). In Bardai (1991), there are eight classes of consumers including 
foreign and government sectors, ten industries and eighteen goods or expenditure 
categories. In Wee (1997), the model has thirteen goods markets^, five labour 
markets^ and four asset markets.^ Both models investigate tax reform, in partic­
ular with respect to the introduction of a value added tax.
Harrigan (2000) applies a CGE model to lumber production (conservation) 
in Malaysia and explores the possible impacts on “metered” aggregate (national) 
income if Malaysia forgoes the lumber value (mainly for export). The model 
specifies thirteen commodities.^® Capital and land are aggregated in a Hicks 
composite factor and are quasi-fixed. Capital and land are aggregated due to 
lack of data. Harrigan (2000) argues that the aggregation is valid if the rela­
tive rewards to capital and land do not change, or if technology is separable in
^Export Agriculture, Domestic Agriculture, Forestry, Mining, Resource Manufacturing, 
Competitive Manufacturing, Domestic Manufacturing, Private Services, Oil, Construction, Util­
ities, Government Services, and Dwellings.
^Agricultural, Professional Non-Agricultural, Skilled Non-Agricultural, Unskilled Non- 
Agricultural, and Public Sector.
^Currency, Domestic and Foreign Equity, Loans and Deposits and Other Domestic Assets.
^°The commodities are Lumber, Tree Crop, Other Agricultural, Resource Based Manufac­
turing, Export Oriented Manufacturing, Domestic Manufacturing, Oil and Gas, Other Mining, 
Construction, Dwellings, Public Services, Private Services, Utilities
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capital and land. Labour is assumed to be mobile between sectors and classi­
fied into Unskilled, Semi-skilled and Professional and Skilled. Labour is further 
classified into land-based and non-land-based workers. Producers in each sector, 
except lumber, solve static profit maximisation problems subject to multi-level 
(constant returns) technology constraints. These determine input demands and 
output supplies. In lumber activity, the representative producer faces an output 
constraint, and given output, minimises cost. Parametric variation of this output 
constraint facilitates the measurement of changes in income associated with lum­
ber conservation. In the case of lumber, the market is cleared through rationing 
exports where any unsatisfied domestic demand is met through imports. In cases 
where lumber stocks are managed as a renewable resource, producers maximise 
the expected net present value of their lumber stock by harvesting lumber, until 
the real interest rate equals the lumber growth rate plus the rate of expected 
appreciation of its stumpage value. In the household sector, aggregate consump­
tion is modelled as a function of households disposable income and private sector 
non-human wealth. Households expenditure is based on a linear expenditure sys­
tem. The import and export demands are specified using Armington (Armington, 
1969) func t ions . In  lumber and tree crop sectors, investment demand is exoge­
nous but for other sectors, it is an increasing function of Tobin’s “g”. Harrigan 
(2000) concludes that for a given conservation policy, “metered” income losses 
are smallest if mobile resources are efficiently and quickly reallocated, foreign 
exchange revenues are resilient to the loss of lumber output, and “business as 
usual” would have entailed fast deforestation. Land use restrictions for defor­
estation could easily generate income losses of over 2 percent of the capitalised 
stream of Gross Domestic Income (GDI) with a more probable estimate of 3-4% 
of GDI.
Yeah et al (1994) study the effects of changes in the external trade environ­
ment (decrease in agricultural commodity export price) and domestic economic 
policies (removing agricultural export taxes) on the agricultural development for 
Malaysia. The model consists of eight sectors (food agriculture, export agricul­
ture, livestock and dairy, forest and forest industries, food processing, mining and
Armington function specifies that domestic goods and foreign goods are imperfect substi­
tute.
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petroleum, manufacturing, and services), five primary inputs (land, capital and 
three type of labour), three types of households (rural, urban low wage, and urban 
high wage), and five institutions (households, enterprise, government, capital ac­
count and the rest of the world). Due to lack of newer published SAM, Yeah et al. 
(1994) derive a SAM from 1983 input-output table. Production function is spec­
ified as a Cobb-Douglas type as well as a Constant Elasticity of Transformation 
(CET) and Armington specifications. Elasticity values, which are determined 
exogeneously in a CGE model, are based on the Cameroon model (Devarajan et 
al, 1991).
3.4 CGE M odels on Energy Subsidies and En­
ergy Taxes
In the next section, I will present two parts of the literature. First, I will review 
past literature on energy subsidy and taxes. This will guide me to model the first 
part of the research questions. Second, I will review literature on implement­
ing renewable energy, which will contribute to the second part of the research 
questions.
3.4.1 CGE M odels on Energy Subsidy  
Lofgren (1995)
Lofgren (1995) studies the impact of removing petroleum subsidies and consump­
tion subsidy in some commodities on the Egyptian economy. This policy was 
recommended by the IMF and the World Bank as a counter policy to declining 
living standards, slow growth and growing foreign indebtedness. The petroleum 
subsidy removal is achieved by raising domestic price to the same level as an 
international price. The model is a short-run structural model in the sense that 
it departs from standard neo-classical model by introducing mark-up prices and 
wage rigidities. The model has nine production sectors, three inputs (labour, 
capital and land), and three institutions (government, households and the rest 
of the world). There are two energy sectors; oil and electricity. The production
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technology is described as combinations of Leontief (fixed coefficient) and Con­
stant Elasticity of Substitution (CES). In the oil and electricity sectors, labour 
and materials are demanded in fixed ratio (Leontief). Capital is fully employed 
in the oil sector but has excess capacity in the electricity sector. The residual 
value (from excess capacity) is added to capital. The oil sector has a fixed output 
level, supplying domestic demand and exports the surplus. The domestic pro­
ducer price is set by the government at 64% of the Egyptian pound export price. 
The producer price for electricity is indexed to the wholesales price index (WPI) 
and with excess-capacity assumption, output is demand driven. As discussed 
earlier, there are alternative ways of closing a structural model. In this model, if 
government savings are fixed, then government transfer to households is fiexible. 
If foreign investment is fixed, then domestic investment is flexible.
The rise in domestic oil prices causes a rise in general price level, a lower 
output and a lower labour demand. The oil sector’s response to lower domestic 
demand is by increasing exports. In a model with fiexible foreign investment, 
flexible government savings and flexible exchange rate, output fall is largest at 
3.2% due to an increase in foreign investment, which leads to appreciation of 
currency. In the case of consumption subsidies, outputs fall by 2%. The are some 
limitations as outlined by Lofgren (1995). First, sectors are relatively aggregated. 
Second, the model is of short run which, he argues, should show a positive effect 
over time. Third, the household sector should be disaggregated to measure the 
distributional impacts.
Cororaton (2000)
Cororaton (2000) uses a CGE model for the Philippines to investigate alternative 
ways of lessening the negative impact of high oil price on the economy, income 
equality and welfare. The Philippines is an oil importing country. An increase 
in domestic energy price is therefore due to higher international oil price, and 
not through energy subsidy reduction. The model has thirty production sectors. 
There is only one specific energy sector, petroleum refining. The electricity sector 
is aggregated with gas and water sectors. To measure distributional impact, the 
model accommodates ten households types, disaggregated according to income
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decile. Foreign savings is assumed fixed while exchange rate is used as numéraire. 
The database is mainly from a 1990 SAM.
The effect of rise in domestic energy prices in the Philippines is exacerbated 
with depreciating Peso (local currency). According to Cororaton (2000), a com­
bined effect of these two factors caused an increase in domestic price of imported 
oil by 160% between January 1999 to May 2000. The model result shows that 
such an increase in energy price would cause a fall in real GDP by 2.3%. This 
reduction is small considering a very large increase in price. The impact is offset 
partly by lower imports of oil and higher import tariff (a reduction in import 
volume is more than offset by an increase of 148% in world price of oil). Coro­
raton (2000) finds that the effect could be minimise if the increase in energy 
price is followed by a reduction in indirect tax and an import tariff on petroleum 
products.
Jensen &: Tarr (2003)
Jensen & Tarr (2003) use a CGE model to measure the impact of tariff and sub­
sidy reduction in Iran. The study examines direct energy subsidies in four major 
products; gasoline (74%), kerosene (92%), gas oil (91%), and fuel oil (94%). The 
model, which is also of a structuralist nature, consists of forty three producing 
sectors and twenty household types. The way energy subsidy is modelled is that 
the government will alter the subsidy rate to ensure that demand is met at the 
controlled price. Therefore, the subsidy rate is endogenous to the model. Other 
factor inputs like land, labour and capital are generically modelled. Unlike capital 
and labour, natural resources are assumed to be owned by the government, there­
fore yielding zero profit. Jensen & Tarr (2003) assume zero substitution between 
energy inputs and other inputs. They also make another important assumption - 
that the government operates on a balanced budget. Any subsidy reduction will 
be compensated by the same amount through a lump sum tax, shared equally 
among the households. Their findings suggest that elimination of subsidy results 
in an “enormous increase in welfare.” However, subsidy removal also results in an 
appreciation of currency by 26%. This, coupled with higher energy prices, results 
in lower outputs from the energy intensive sectors. A limitation of the study (also
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noted by the authors) is a dated data base (1995) which may not reflect some 
structural changes that have taken place since 1995.
Azis (2006)
Azis (2006) argues that the drastic cut in the fuel subsidy in Indonesia was ill- 
advised. An alternative policy of reducing government deficit could come from 
cutting ‘subsidies’ to the banking sector through cutting a fraction of the princi­
pal and interest payments on domestic debts. The model is a dynamic financial 
CGE model where money supply and money demand are included as an addi­
tional block of equations. The production sector is modelled as a set of nested 
CES function. Domestic output is allocated between domestic sales and exports 
according to a Constant Elasticity of Transformation (GET) function. The elas­
ticity of transformation in the GET describes how outputs (ratio of domestic 
output and exports) response to changes in relative prices. Domestic supply 
consists of domestically produced outputs and imports and are aggregated using 
Armington’s specification. In this specification, domestic outputs and imports are 
seen as imperfect substitutes. The model incorporates structural elements such 
as monopolistic competition (mark-up pricing) in some s e c t o r s . A z i s  (2006) 
does not model energy subsidies reduction, rather, he simulates the alternative 
of reducing ‘subsidies’ in the banking sector. He labels the option to leave subsi­
dies in the banking sector intact as a ‘misguided policy’. His research concludes 
that by cutting subsidies for banks and using the saved money on agricultural- 
related infrastructure, could produce a favourable outcome in terms of income 
distribution and poverty conditions.
Clements et al. (2007)
Clements et al. (2007) of the IMF, study the distributive effects of petroleum 
price liberalisation in Indonesia. The model has eight production sectors and 
eight categories of households. Of the eight production sectors, only one sector 
is the energy sector (petroleum refining). The electricity sector is presumably 
aggregated in a sector called ‘Utilities’. A mark-up pricing model is used to
^^Which sectors are not described in the paper.
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determine prices across sectors. The model is a short-run model as capital is 
fixed. Labour is mobile but not fixed in supply. This ‘methodological innova­
tion’ as they put it, allows productive sectors to adjust their level of production 
in response to higher prices and changes in demand. The authors present two 
versions of the model; Keynesian and non-Keynesian. In a Keynesian model, a 
reduction in budget deficit due to subsidy leads to reduced economic activity. 
Under a non-Keynesian version, subsidy reform has no adverse effects on real 
output in aggregate, due to offsetting effect on private investment. Firms re­
spond to changes in demand by adjusting their capacity utilisation ratio. The 
petroleum sector is an exception as the model assumed that a decrease in do­
mestic demand is matched by an increase in exports. The model is closed with 
investment equals savings. The government savings are fixed. The consumption 
is a linear expenditure system (LES) with a Stone-Geary type utility functions. 
In a model simulation, domestic petroleum prices are increased by 25% of their 
benchmark level. According to the authors, the increase in price level is relatively 
small (by 1.1%) under both version of the models. The change in output is how­
ever different under the two models. In the non-Keynesian version, outputs do 
not in general fall as private investment offsets the fall in private consumption. 
Under the Keynesian version, the overall decrease in output is 1.6%, the largest 
being outputs in sector ‘Utilities’ (by 2.4%). In term of distribution, all income 
groups suffer from petroleum price increase. The higher income groups bear the 
larger brunt. The authors suggest that in the long run, higher prices are unlikely 
to adversely affect the poor due to stronger macroeconomic stability.
Coffman et a/, (revised 2007)
Coffman et al. (revised 2007) publish a report investigating the impact of petroleum 
prices on the state of Hawaii. Although the report does not contain any fuel 
subsidies simulation, the impact of an increase in petroleum price is quite simi­
lar to a decrease in petroleum subsidies, as both will increase petroleum prices. 
The model is a static model. There are eleven sectors, two of which are energy 
sectors. Energy sectors are represented as ‘Petroleum manufacturing’ and ‘Elec­
tricity’. The model is of short run as wage rate and capital are fixed. Production
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is specified as collection of CES functions. To model an increase in oil price, an 
‘outside agent’ is created and this agent consumes a ‘tax’ which in effect creates a 
wedge between the base year petroleum import price and new petroleum import 
price. This “tax” is then increased by 10%, 50%, 100% and 200%. As a result, 
real outputs decrease between 5% to a maximum of 6.3%. The biggest drop in 
outputs is from the manufacturing sector followed by the electricity sector. With 
an assumption of fixed wage rate, the ‘Farming’ sector is also badly affected as it 
is a labour intensive sector.
3.4.2 CGE M odels on Energy Taxes 
Boyd & Doroodian (1994)
Boyd Sz Doroodian (1994) analyse tax reform and energy in the Philippines. In 
particular, they simulate the effects of energy tax cuts with offsetting income tax 
on production. The model is based on Shoven & Whalley (1972), extended onto 
consumer preferences where each group has a different demand function. There 
are fourteen producing sectors and three categories of households and the base 
year is 1983. The energy tax is reduced by 5%, 10%, 15% and 20%. The offsetting 
income tax is 25% each for category 1 and 2 households, and 50% on category 3 
household. They find that outputs generally decline except for the energy output 
whereas consumption in general increases as a result of cheaper energy cost. The 
welfare effect is however mixed. The welfare of category 1 household (poor) falls, 
while the medium and high income category rises. However, if the energy tax 
reduction is offset by a payroll tax, they find the outcome is reversed, i.e the 
poor’s welfare is improving whilst the other two are deteriorating. If the tax 
reduction is followed by a drop in government spending, all households enjoy 
improved welfare. They conclude that there is a trade-off between efficiency 
(policy promotes growth and income) and equity (policy is regressive) as a result 
of energy tax reduction.
W iese et a/. (1995)
Wiese et al (1995) use an applied general equilibrium model to analyse the impact 
of energy taxes (motor fuel taxes) in the United States, concentrating on the
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(indirect) expenditure effect i.e where the tax revenue is spent. The hypothesis is 
that if only direct effect is considered, energy tax would appear to be regressive. 
The base year data is 1987. To analyse the impact, households are divided into 
two categories: a ‘well to do’ and a poor. On the institutional side, government 
sector is further disaggregated into federal, state and local government. With 
such level of disaggregation, Wiese et al (1995) claim that the model is more 
complete and realistic compared to other models. The elasticities of substitution 
used in the model ranges from 0.1 (e.g labour-leisure) to 2 (domestic-import). 
The specifications of the model are a combination of CES (Households), Leontief 
(Energy), and Cobb-Douglas (Food). The baseline of tax increase between 1982 to 
1992 is projected using 1982 state/local government expenditure pattern; i.e the 
proportion of tax revenue allocated to six expenditure categories (capital outlay 
and maintenance, law enforcement, debt service, roads, mass transportation and 
general purpose) remains the same. They find that as more tax revenue is diverted 
to general funds, the greater the burden on lowest income households, and the 
lower the burden on other households. They conclude that while tax increase has 
direct impact, it also has indirect impact through how it is spent.
Naqvi (1998)
Naqvi (1998) develops an ORANI based CGE model for Pakistan. The aim of 
the paper is to analyse the welfare effect of removing import taxes on diesel. In 
Pakistan, the government owns most of the firms in the energy sector and controls 
their prices and production. Thus these parameters are exogenous in the model. 
Also, as the government owns these corporations, its income depends on the re­
turn from the capital that it owns. The model is very large in dimension. The 
input-output has one hundred and thirty one (131) commodities which are pro­
duced by one hundred and twenty eight (128) industries. Fifteen of those indus­
tries are from the agriculture sector. Fifty industries are in ‘large-scale industrial 
sectors’ which include agro-based industries like sugar refining and manufactured 
goods, such as electric goods industry. Thirty one industries in the small scale 
produce similar outputs as in the large scale industry. There are four electric 
industries, one gas refining and one oil refining industry. The other twenty nine
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industries belong to the construction and service sectors. The model includes 
fourteen categories of household across two regions (rural-urban), three types of 
employment status and three types of income levels. The enterprise is split into 
private and public enterprises. Petroleum products, electricity and natural gas 
are the major commercial energy products used in Pakistan. The government 
administers the supplies and prices of these energy products. The difference be­
tween the ‘basic price’ and the regulated price is treated as an implicit tax in the 
model. The basic price here is defined as production cost exclusive of indirect 
taxes and trade and transport margins. The refinery industry produces six types 
of petroleum products; kerosene, high speed diesel, light diesel oil, gasoline, fur­
nace oil and others. The functional form used to transform these products is a 
constant elasticity of transformation (CET). The electricity is supplied using two 
types of technology; a more flexible technology and a less flexible technology. In a 
less fiexible technology, steam cycle and combined cycle are the competing tech­
nologies, and in a more fiexible technology, gas turbine and hydro-electric are the 
competing technologies. Under both cases, the substitution between competing 
technologies is specified in a CES function. In the production of steam electricity, 
all inputs are demanded in a fixed quantities (Leontief). Labour, land, and capi­
tal are demanded following a CES function. Two types of fuels are used in steam 
electricity production; natural gas and furnace oil. They are demanded according 
to a CES function. For a combined cycle electricity production, the choice of fuels 
is between high speed diesel and a composite of natural gas and furnace oil. They 
are demanded in a fixed proportion. The choice between natural gas and furnace 
oil in the composite fuel is according to a CES function. Naqvi (1998) finds that 
removing import tax on high speed diesel could lead to a small increase in CDP, 
especially in high-tax commodities, and an increase in real per capita income by 
0.19%.
Job et al. (2001)
Joh et al (2001) study the economic cost of implementing carbon taxes in Korea 
with a view of mitigating CO2 emission. The model is a dynamic model and con­
sists of eight non-energy production sectors and six energy production sectors.
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The energy sectors are coal, oil (aggregate of crude oil and refined products), gas 
(aggregate of natural gas and manufactured gas), electricity, nuclear and com­
bined heat and power (CHP). An emission coefficient for each sector is assigned 
based on the base year emission and consumption of fossil fuel. The base year 
data is from 1998 input-output table for Korea. Two simulations are carried 
out. First, carbon tax rates are varied from 0 to KW400,000 (KWl,300=1 USD) 
beginning in the year 2013 up to 2047 (terminal year). Second, a carbon tax of 
KW100,000 for all the years is combined with a value added tax on nuclear activ­
ities from 2020 to 2047. A drop in GDP is found to be less than 0.5% if the tax is 
KW100,000/tonne carbon, and up to 1.5% if the tax is KW400,000/tonne carbon. 
The authors acknowledged that the model is incomplete to highlight emission and 
abatement relation, particularly in relation to bottom-up information.
W issema Dellink (2007)
Wissema & Dellink (2007) analyse the impact of carbon tax and uniform energy 
tax on the Irish economy. The model consists of seven energy products (crude 
oil, coal, peat, oil products, natural gas, electricity and renewable energy). The 
model uses nested CES production functions, where labour is modelled as a sub­
stitute for the composite capital and energy. Domestically produced goods and 
foreign goods are imperfect substitutes (the Armington assumption) and the sup­
ply choice between domestic and export is determined through a Constant Elas­
ticity of Transformation (CET) function. Wissema & Dellink (2007) construct 
an energy SAM for the Irish economy using data from 1998. The model also 
includes CO2 emission derived from the fossil fuel consumption. Two types of 
energy taxes are examined, first is carbon based and second is a uniform tax for 
all energy sources. Both taxes lead to a reduction in emission levels but carbon 
tax provides the greatest. In term of welfare, both taxes reduces welfare but only 
by less than 1.3%.
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In dealing with energy technology such as renewable energy, two types of model 
are generally used; a conventional model (top-down) and a hybrid model (top- 
down bottom-up). A hybrid model combines the top-down processes with bottom- 
up information such as production technology. A bottom-up model typically deals 
with a least cost technology solution to meet a given demand level. In Malaysia, 
a bottom-up model such as MARKAL^^ has been used by PTM to provide a least 
cost solution to the energy policy option. A general equilibrium model, however, 
has not yet been developed to tackle issues of renewable energy in Malaysia.
3.5.1 C onventional M odels
Breuss (1998) measures the effect of increasing the biomass energy supply to the 
economy and environment of Austria. The model is based on Bergman (1990) 
and Bergman (1991). There are nineteen production sector and four types of 
factor inputs; electricity, fuel, capital and labour. These inputs are structured 
as a CES, whereas intermediate inputs are demanded in a Leontief production 
function. Labour is modelled as a substitute to a composite capital-energy input 
as given in the following equations, where
CER(Ej,F}) (3.87)
CER(Rj,% .) (3.88)
};. =  C E % .,R j )  (3.89)
where Ej is the electricity input in sector j ,  Fj is the fuels input, Kj is the capital 
input, and Lj is the labour input. The biomass energy is modelled as a substitute 
to fossil energy and its supply is exogenously increased. Three simulations (no 
re-cycling of emission tax revenue, re-cycling emission tax revenue through wage 
reduction and re-cycling only 60% of revenue with the remaining injected through 
investment) with two cases (no biomass increase and biomass increase) are carried 
out. Breuss (1998) finds that when biomass supply is increased (by 78 PJ), CO2
^^MARket ALlocation
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tax rate can be cut by 50% and the impact on sectoral production level is small 
even without revenue re-cycling.
Scaramucci et al (2006) use Global Trade Analysis Project (GTAP)-based 
model to evaluate the use of sugarcane bagasse^® for energy use in Brazil follow­
ing the energy crisis in 2001. The paper investigates the impact of restraining 
electricity supply in Brazil, a policy that is intended to curtail electricity demand. 
In addition to this, the paper also investigates whether electricity supply from 
sugarcane bagasse has a role to play in supplying electricity. To model this, the 
bagasse is obtained endogenously from the production of sugar and ethanol. The 
sugarcane bagasse is faced with a similar problem to that faced by other renew­
able energy technologies, that is, the cost of producing one unit of electricity is 
greater than the revenue derived from it. Scaramucci et al (2006) find that GDP 
would fall by 3% when the rationing level for electricity is 20% and introducing 
sugarcane bagasse only reduces GDP by less than 1%. Any further rationing will 
have serious consequences to the economy.
3.5.2 H ybrid CGE M odels 
Bohringer (1998)
Conventionally, the GGE model applied to energy analysis concentrates more on 
tax/subsidy policy without incorporating technology feedback. Bohringer (1998) 
makes a major contribution to the energy-CGE model by incorporating tech­
nology (Bottom-Up) in a CGE (Top-Down) model. Bohringer (1998) imposes a 
set of discrete Leontief technologies in production. The model consists of three 
sectors; Electricity, Primary Energy and the rest of the economy, and two house­
holds. There are two factor inputs, capital and labour, although capital is sector 
specific. Another simplifying assumption is that traded goods are viewed as per­
fect substitutes. The method of calibration is SAM-based. Solving the non-linear 
problem is achieved principally through a ‘Mixed Complementarity Problem’.^ ®
Fibres left after extraction of sugarcane liquid.
Mixed Complementarity Problem is a method of solving linear and non-linear equa­
tions which consists of equalities and inequalities (weak) constraints. For further reading, see 
Rutherford (1995).
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Weak equalities are used in energy technology so that only when final demand 
price is high enough would it be profitable to operate high cost technology such as 
wind. Otherwise, the supply from this technology would remain zero. The model 
is tested by simulating the variation of ad-valorem taxes on primary energy and 
comparing them with OECD-GREEN model and ETA-MACRO model, both of 
which are top-down models. The results are interesting. Bohringer (1998) finds 
that at output level, the results do not differ much between the bottom-up specifi­
cation and top-down specification. However, there is a significant difference in the 
employment of labour and capital. This is due to the difference in capital-energy 
treatment. In the GREEN model, energy and capital are more complementary, 
but in MACRO they are relatively close substitutes. Bohringer (1998) concludes 
that incorporating bottom-up technology description can significantly improve 
analysis. This significant contribution leads to many more applications especially 
in energy-environmental areas such as emission trading. The dynamic version 
(forward looking) of the model is available in Bohringer & Rutherford (Revised, 
2007).
Prei et al. (2003)
Frei et al. (2003) add dynamic specification to the hybrid model with emphasis 
on the utilisation and the evolution of technology-specific capital stocks. Unlike a 
static model, this model endogenises capital stocks through physical depreciation, 
sector and intra-sector investment allocations to replace ageing capital and to 
meet future demand. Within the sector, investment is determined by the expected 
return on specific capital, and the environments in which the capital operates 
(system parameters such as competing technologies, the structure of demand etc). 
Due to the nature of capital investment in the energy sector, the functional form 
for the production function is discrete rather than continuous. As in Bohringer 
(1998), the paper illustrates that it is possible to solve the equilibrium solution 
with a Mixed Complementarity Format.
Bohringer (2000), Bohringer & Loschel (2002), Bohringer & Lange (2005b), Bohringer & 
Lange (2005a).
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The hybrid part of the model comes from the integration of the bottom up 
technologies (within sector). The derivation of the functional forms are too tech­
nical to be included here. Briefly stated, the Marginal Value to Consumer (MVC) 
for electricity is a function of Loss of Load Probability (LOLF), System Marginal 
Cost (SMC) and the Value of Loss Load (VOLL).^* In their simulation, an ad- 
valorem tax on fossil energy is imposed and this raises the cost of gas inputs in 
the electricity generation by 120%. As a result, the demand for electricity de­
creases and this lead to an excess reserve capacity. LOLF drops, and so does the 
capacity payment. Investment in gas technology stops until LOLF is raised again 
to the original value. At the same time, non-gas or lower gas content technolo­
gies gain competitiveness. In their case, this means investment in hydro and new 
investment in biomass technology. With a given adjustment cost, investment in 
biomass will still be competitive to that of gas until all the biomass potential is 
exploited.
Wing (2008)
Wing (2008) compares the welfare loss under a conventional top-down CGE and 
a hybrid top-down bottom-up approach for the US economy. The electricity 
sectors are separated into generation, transmission and overhead so that bottom 
up information can be supplied. On the production of non-electricity sectors, 
the capital and labour inputs are nested together instead of capital and energy 
(capital-labour substitution as opposed to capital-energy substitution). There 
are eleven producing sectors, five of which are energy sectors (crude oil and gas, 
coal, refined oil, natural gas and electricity). He finds that by imposing a carbon 
tax of $50, $100, $150 and $200 per tonne carbon, output from coal powered 
generation falls, and displaced by less carbon intensive technologies such as oil and 
natural gas. The model also shows that there is a marked expansion in renewable 
generation, particularly in hydro, geothermal and biomass technologies. He also 
finds that welfare costs of emission taxes in a hybrid model generally exceeds 
those in top-down model.
18see Prei et al. (2003) for further detail.
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3.6 CGE M odels on Other Energy Policies
Benjamin & Devarajan (1985)
Benjamin & Devarajan (1985) analyse the impact of oil revenues on Cameroon’s 
economy. This much cited model is called the Cameroon Model. Cameroon has 
had oil revenue since 1978. Benjamin & Devarajan (1985) are interested to see 
if an oil boom will lead to a fall in export, a phenomena commonly referred to 
as ‘Dutch disease’.^ ® The model is a variant of that developed by Dervis et al. 
(1982) and is a structural model. There are eleven sectors, five of which are net 
exporters. Capital and labour are fixed. In the model simulation, an increase in 
oil revenue is achieved through injecting a specific amount of foreign earnings into 
the economy. The model shows that on aggregate, there is evidence of “Dutch 
disease” but not on sectoral details.
Kehoe Sz Serra-Fuche (1991)
Kehoe & Serra-Puche (1991) constructs an energy CGE model for Mexico. This 
model is a static Shoven-Whalley type model with thirteen non-energy produc­
tions and five energy production (Petrochemicals, Coal, Crude petroleum and 
Natural gas. Refined Product and Electricity). It has been used to analyse the 
impact of energy policies on income distribution and resource allocation. In par­
ticular, to account for exogenous changes of seven identified energy variables 
(production, prices, indirect taxes, term of trade, international price, export and 
government consumption) that have occurred during the period between 1977 to 
1981 in Mexico. In the production sector, the production functions for energy 
products are assumed to be a Cobb-Douglas type, whereas for non-energy prod­
ucts, the choice between domestic and import intermediate is specified as a CES. 
Household utility function is specified as a Cobb-Douglas type. There are ten 
household categories from Urban Poor to Rural Upper Income. As energy com­
panies are mostly owned by the government, Kehoe & Serra-Puche (1991) model 
energy price as exogenous. In the production of petrochemicals, crude petroleum.
^®The term “Dutch disease” comes from the decline in the Netherlands’ export competitive­
ness as a result of the exploitation of natural gas fields in the 1970’s (Benjamin & Devarajan 
(1985)).
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natural gas and refined products, all energy inputs are used in fixed proportion. 
Labour is specified as substitute to capital-energy composite, whereas petrochem­
icals, coal and capital are used in fixed proportion. Natural gas, refined products 
and electricity are nested together and they are demanded in a Cobb-Douglas pro­
duction function. This type of nesting does not allow fiexibility in substitution 
between energy and capital as they are used in a fixed proportion.
Doroodian &: Boyd (2003)
Doroodian & Boyd (2003) extend their earlier work on the Philippines’s economy 
to the US economy by investigating the oil price shock and inflation with and 
without technological change, using a dynamic CCE. The time span is 20 years, 
up to 2020. In this model, there are eight production sectors, seven consuming 
sectors, three household categories, a foreign sector and the government. The 
model still follows Shoven & Whalley (1992) but incorporates some of general 
equilibrium work of Hudson & Jorgenson (1978) and Ballard et al. (1985). Tech­
nological progress is taken as exogenous. It has eight producing sectors, three 
household categories. They conclude that a similar effect of oil price shock in 
1973 will not be repeated, as prices of petroleum products decreases over time 
due to technological change.
3.7 Summary and Conclusion
Although there have been CCE models developed for Malaysia in the past, they 
have not been used in addressing energy issues such as petroleum subsidies and 
renewable energy. A separate production function to reflect substitution between 
energy inputs when their relative price changes is required. In evaluating the 
impact of petroleum subsidies, a similar work was performed by Lofgren (1995) 
for Egypt’s economy. Structural elements such as rigid prices and alternative 
macro-closures were incorporated in the model. However, as the authors point 
out, the sectors in the model are aggregated and households are grouped as one 
representative household. This may undermine the real distributional impact 
of subsidy removal. The work of Bohringer (1998) and Bohringer & Rutherford
84
3.7 Summary and Conclusion
(Revised, 2007) opens up new area in CGE modelling where issues such as renew­
able energy could now be addressed. New (renewable) technologies in electricity 
production can be incorporated vis-a-vis existing technologies. In this hybrid 
approach, capital is flexible in order for a new technology to penetrate and the 
old, expensive and polluting technology to be phased out. However, the sectors in 
this model are highly aggregated, and the model is designed only for a developed 
country, where features of developing country’s economy such as unemployment 
and rigid prices are absent. The review of literature also reveals that there is no 
recent Social Accounting Matrix for Malaysia (SAM). In addition, the available 
SAMs do not contain separate data for energy sectors.
There are clearly gaps in the existing literature of Malaysia energy policy 
evaluation. This thesis will provide a new knowledge in the Malaysia energy 
policy evaluation using a CCE model. This research would serve as a platform 
for future researches which would strengthen the capability of policy assessment 
this area.
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Chapter 4 
M alaysian Social Accounting  
M atrix
4.1 Introduction
A Social Accounting Matrix (SAM) describes the full circular flow of money and 
goods in the economy (Adelman & Robinson, 1986). It is an extended version of 
an input-output matrix in the framework of the System of National Accounting 
(SNA) developed by Stone (1961). One of the earliest SAM applied to a devel­
oping country was the SAM for Sri Lanka (Bhattacharyya, 1996). As the SAM 
is a matrix flow of demand/ supply and incomes/expenditures in an economy, 
a balance matrix indicates that income equals expenditure, revenue equals cost 
and supply equals demand. Pyatt (1999) asserts the SAM and T-accounting (a 
system of recording debit and credit transactions) are equivalent, conceptually 
and in practice. An input-output table provides limited information for use in 
general equilibrium modelling, as it does not contain a full description of the 
economy, especially in the presence of institutions like government, households 
and enterprises. However, the SAM extends this rather restricted domain of inter­
dependence to embrace other interconnections within the macroeconomic system 
(Pyatt & Round, 1984). A SAM is not a must in a CGE modelling; however, it 
is certainly useful to have one as it shows the state of a ‘balanced’ economy in 
the base year.
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4.2 Description of the SAM
Table 4.1 shows the layout of the SAM. This example of a SAM is taken from the 
World Bank/International Food Policy Research Institute (IFPRI). Activities in 
Table 4,1 refer to the activities (production) carried out by domestic industries. 
The industries pay for intermediate inputs (raw materials), labour, capital, and 
pay any production taxes on production level. The “Activities” column is the 
total production expenditure. In the absence of any non-market goods, the total 
production expenditure is equal to the value of domestic production (“Activities,” 
“Commodities”). The sum of domestic production and imports plus any indirect 
taxes and transaction costs is the total available supply in the economy (Column 
2 total). The total supply of these commodities is the sum of all domestic produc­
tions and imports plus any indirect taxes such as sales tax or import tax (column 
2). This supply is absorbed as an intermediate consumption and final consump­
tion (row 2). Households earn income from labour and capital endowments plus 
any transfer payments received, and spend this income on private consumption, 
and pay taxes. Any unspent income is saved (“Savings-investment,” “House­
holds”). Likewise, the government earns income through collection of direct and 
indirect taxes, and spends it on public consumption and net transfers to house­
holds. The difference between income and expenditure represents the government 
savings. The same reasoning applies to the foreign sector.
There was one published SAM for Malaysia by Pyatt & Round (1984) for the 
benchmark year 1970. They divided the construction of the SAM into two parts; 
one for Peninsular Malaysia and the other for East Malaysia. They described the 
division as “initially independent, but subsequently interdependent.” ^  Both Wee 
(1997) and Bardai (1991) did not establish the SAM. Therefore, this necessitates 
the need to construct a new SAM with a newer data set.
^In total the SAM for Peninsula Malaysia contained 212 rows and columns, where disag­
gregation has been confined to five of the eleven classes, namely. Wants (account 1); Factors 
(account 2); Households (account 3); Commodities (account 9); and Activities, (account 10)
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There is no standard approach of constructing a SAM. For accuracy, the work 
proceeds in three phases. First, is a construction of a macro SAM. A macro SAM 
is the most aggregated form of the SAM, and the reason for constructing it is 
to act as a ‘control total’ for a disaggregated SAM. In the second phase, a more 
elaborate SAM, called a mini SAM, is constructed. A mini SAM is a full-hedge 
SAM with only a limited number of producing sectors. The reason for a mini 
SAM is to use it as an input in a basic CGE model. In the third phase, a final 
SAM, which contains 90 activities and commodities with a total dimension of 
196x196 matrix, is constructed.
Macroeconomic data required to fill in relevant cells in the macro SAM are 
obtained from the Malaysian Department of Statistics (DOS), the Ministry of 
Finance (MOF) and the Central Bank of Malaysia (BNM). As per Table 4.1, a 
SAM requires values of savings from institutions such as households, government 
and foreign sector. The DOS/MOF/BNM however did not publish these values 
explicitly. To know these savings, we must first know the incomes. A conventional 
‘T-accounting’ approach as presented in Table 4.2 is used where the right side of 
the account represents income (credit) and the left side represents expenditure 
(debit). The starting point is to calculate Cross Domestic Products (CDP) using 
an income approach and to check that this matches the CDP calculated using 
the expenditure approach (first and second portion of Table 4.2). The data is 
obtained from the input-output tables of the year 2000, as it is already organised 
in a similar format to that of a SAM. A cross check with other data sources (from 
the Central Bank and the Ministry of Finance) does not reveal any significant 
differences. To obtain Cross National Products (CNP), net factor payments and 
net transfers abroad are added/ substracted. Both figures are from the Balance 
of Payment table (BPM5, the MOF). As CNP also represents national income, 
then, national savings can be computed after deducting national expenditures. 
To do this, private and government savings must first be established.
The government current surplus of RM48.1 billion (current account) is ob­
tained from the MOF statistics for 2001. This is a consolidated government 
account that consists of the federal government, the state government and all
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non-financial public enterprises (NFPE). The balancing item ‘Net Revenue’ rep­
resents net revenue from NFPE’s.
In a private sector account, data for labour income, capital income, income 
from domestic service, imputed bank charges, and final consumption are all from 
the input-output table 2000. Data for direct taxes is obtained from Table VII.2 of 
the BNM (RM29.16 billion). This consists of companies’ income tax, petroleum 
income tax, individuals income tax, stamp duties and other direct taxes. Figure 
for net foreign transfer is obtained from Table VII02 (the Balance of Payment) 
of the BNM. The balance of payment data from the BNM follows a new report­
ing system, where net employee compensation and net investment income are 
reported. The balancing item of this account amounting to RM80.3 billion is 
the private sector savings (enterprises and households). The national savings are 
RM128.4 billion (private plus government savings).
The data for government investment expenditure is also obtained from the 
MOF statistic and this amounted to RM52.7 billion. The negative balance be­
tween government current account surplus and investment represents government 
deficit, which is financed by government debt and reserve. As the total domes­
tic investment is RM90.1 billion, the remaining RM37.4 billion is therefore of a 
private investment.
All balances in a private account are already computed in Table 4.2. Savings 
are used for financing investment. If investment expenditure is more than avail­
able savings, then a deficit occurs, which will require extra finances (borrowing). 
In 2000, the government of Malaysia had a government surplus of RM2.3 bil­
lion, and savings of RM52.7 billion. The difference (RM50.4 billion) is a public 
investment.
Data for foreign savings accounts are obtained from Table VII02 (the Bal­
ance of Payment) of the BNM, except for value of imports and exports which 
are obtained from the 10 table 2000. The balance of payment data from the 
BNM follows a new reporting system where net employee compensation and net 
investment income are reported. The resulting foreign savings figure is slightly 
different than those in Table VII02, due to the utilisation of imports and exports 
values from the input-output table 2000.
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A private sector surplus is calculated by taking the difference between private 
savings and private investment, and this amounted to RM42.8 billion. The foreign 
deficit figure is obtained from Table VII.2 of the BNM. With this figure, I derive 
the foreign investment figure of RM 24 billion. All these accounts are as per Table
4.2 and Table 4.3.
Stage 1: Macro SAM
Table 4.4 represents a macro SAM which is constructed based on the benchmark 
year data in 2000 as per Table 4.2 and Table 4.3. The following are explanations 
for each of the important cells in the macro SAM:
Cell: (Commodities, Activities)
This is the value of the expenditure of domestic producers on intermediate goods 
which amounted to RM573 billion. This value is inclusive of transaction cost and 
trade margin. The data is from Table 3 and table 4 of the Input-Output table 
2000 .
Cell: (Factors, Activities)
This cell accounts for the total value of factor inputs (capital and labour) used 
in domestic production. The data is from Table 3 of the Input-Output table 2000.
Cell: (Activities, Commodities)
This cell represents the value of domestic production inclusive of all transaction 
costs and trade margins but excluding any indirect taxes. Data is obtained from 
Table 2 of the Input-Output table 2000.
Cell: (Government, Commodities)
This cell shows the value of indirect taxes (domestic and import). This amounted 
to RM 14.65 billion (Input-Output table 2000). This cell also includes tariffs col­
lected from imported commodities, which amounted to RM5.83 billion.
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Cell: (ROW, Commodities)
This cell shows the value of imports. In 2000, RM358.5 billion worth of outputs 
and services were imported (Table 1, Input-Output table 2000).
Cell: (Non-Market Activities, Non-market Commodities)
This is the value of non-market domestic services. Note that there is no labour 
or capital involved in their production.
Cell: (Commodities, Households)
This refers to the final demand for commodities by the household (private con­
sumption). The data is from Table 6 and Table 10 of the Input-Output table 2000.
Cell: (Government, Households)
The value in this cell is computed in Table 4.2.
Cell: (Capital, Households)
This cell represents savings of domestic institutions (household and enterprises) 
as in Table 4.3.
Cell: (Commodities, Government)
RM35.6 billion is the amount spent by Federal, State and Local governments on 
goods and services in 2000. Data is from Table 6 and Table 10, Input-Output 
table 2000.
Cell: (Capital, Government)
This is the government saving as in Table 4.2. Data is from consolidated public 
sector finance, the Economic Report 2003.
Cell: (Commodities, ROW)
This is the purchase of domestic goods by the ROW. The total amount in 2000 
is RM427 billions (Table 6 and Table 1, Input-Output table 2000).
Cell: (Capital,ROW)
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This is the value of foreign savings as computed in Table 4.2.
Cell: (Commodities,Capital)
This cell shows the value of commodities purchased for investment purpose. Data 
is from Table 1 of Input-Output table 2000.
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GDP-Expenditure Method
ITEM E X P E N D IT U R E ITEM INCO M E
Final Consumption - public 35,634,183 CDP Expenditure 344,784,086
Final Consumption - private 144,532,592
Cross Fixed Cap. Form - private 46,513,803
Cross Fixed Cap. Form - public 43,627,000
Stock Changes 5,981,792
Export 427,024,594
Import -358,529,878
344,784,086 344,784,086
CDP-Income Method
ITEM E X P E N D IT U R E ITEM INCO M E
CDP Income 344,784,086 Employees Compensation 99,138,140
Operating Surplus 246,131,971
Imputed Bank Charges (21,641,432)
Domestic Indirect Tax 14,650,381
Import Indirect Tax 5,826,875
Domestic Service 678,151
344,784,086 344,784,086
CNP
ITEM E X P E N D IT U R E ITEM IN CO M E
Cross National Product 308,562,086 CDP Income 344,784,086
Net Factor Payment (28,909,000)
Net Transfers (7,313,000)
308,562,086 308,562,086
National Income
ITEM E X P E N D IT U R E ITEM IN CO M E
Final Consumption - public 35,634,183 CNP 308,562,086
Final Consumption - private 144,532,592
National Savings 128,395,311
308,562,086 308,562,086
National Savings
ITEM E X P E N D IT U R E ITEM IN CO M E
Covernment Savings 48,072,000 National Savings 128,395,311
Private Savings 80,323,311
128,395,311 128,395,311
Foreign Savings
ITEM E X P E N D IT U R E ITEM IN CO M E
Export 427,024,594 Imports 358,529,878
Net employee compensation 975,000
Net Invest. Income 27,934,000
Net Transfers 7,313,000
Foreign Savings 32,272,716
427,024,594 427,024,594
Table 4.2: Determination of Savings 
source: own calculation based on data from I-O 2000
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Government Account
ITEM E X PE N D IT U R E ITEM INCO M E
Government Final Consumption 35,634,183 Direct Tax-Corporate 22,141,000
Government current surplus 48,072,000 Direct Tax-Individual 7,015,000
Indirect Tax-Domestic 14,650,381
Indirect Tax- Import 5,826,875
Net Revenue - Others 34,072,927
83,706,183 83,706,183
Private Sector Account
ITEM E X PE N D IT U R E ITEM INCO M E
Direct tax 29,156,000 Labour Income 99,138,140
Imputed Bank Charges 21,641,432 Capital Income 246,131,971
Net Revenue - Others 34,072,927 Domestic Service 678,151
Net Income and Transfers fr abroad 36,222,000
Final Consumption 144,532,592
Private Savings 80,323,311
345,948,262 345,948,262
Government Deficit/Surplus
ITEM E X PE N D IT U R E ITEM INCO M E
Public Investment 52,668,000 Government current surplus 48,072,000
Government Capital Deficit 4,596,000
48,072,000 48,072,000
Private Sector Deficit/Surplus
ITEM E X PE N D IT U R E ITEM IN CO M E
Gross Fixed Cap. Form - private 37,472,803 Private Savings 80,323,311
Private Surplus 42,850,508
80,323,311 80,323,311
Foreign Deficit/Surplus
ITEM E X PE N D IT U R E ITEM IN CO M E
Foreign Savings 32,272,716 Foreign Investment 24,096,016
Foreign Deficit 8,176,700
32,272,716 32,272,716
Investment
ITEM E X PE N D IT U R E ITEM IN CO M E
Domestic Investment 96,122,595 National Savings 128,395,311
Foreign Savings 32,272,716
128,395,311 128,395,311
Capital Account
ITEM E X PE N D IT U R E ITEM IN CO M E
Borrowing/Reserves 39,513,208
Government capital deficit 4,596,000 Private Surplus 35,932,508
Foreign Deficit 8,176,700
44,109,208 44,109,208
Table 4.3: Determination of the Capital Account 
source: own calculation based on data from 1-0 2000
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Balancing the SAM
The SAM is constructed using data from various sources. This causes row sums 
and column sums to differ, and this poses a problem in calibrating the model 
parameters as income does not match expenditure and supply does not match 
demand. There are alternative approaches to balance the matrix. One approach is 
by using ‘Row and Sum’ approach or RAS (Bacharach, 1971). Another approach 
is to use an ordinary least square method by minimising the sum of square errors 
(the difference between row and column sums). Most recent SAMS use a cross­
entropy method as proposed in Amos et al. (1996). Robinson & El-Said (2000) 
wrote a GAMS programme for SAM balancing using the cross entropy method 
when constructing a SAM for Mozambique. The cross entropy method involves 
finding a new SAM (SAMI) close to an existing SAM (SAMO) by minimising the 
cross-entropy distance between them. Let T be a matrix of SAM where tij is a 
payment from column j  to row i. If the column and row balances, then it must 
be true that the total yi is given by:
Vi = = (4.1)
j
A coefficient matrix. A, can be computed as:
Aij = (4.2)
Vj
The existing (unbalanced) SAM (SAMO) is our prior information where A  is 
known. The cross-entropy problem is to find a new set of A  coefficients for the 
new SAM (SAMI) that minimises the distance between the prior A  and the new 
estimated coefficient matrix. The problem can be written as:
m in i  =
A ^  A ,j  In -A (4.3)
subject to:
^ijVj — Vi (‘^ -4)
3
Aij = 1 and 0 < Aij < 1 (4.5)
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GAMS codes for balancing the SAM using cross entropy technique are available 
from Robinson & El-Said (2000). A balanced macro SAM is presented in Table 
4.4.
Stage 2: Mini SAM
As mentioned earlier, the main source for the SAM is the input-output table. In 
Malaysia, the latest input-output table is for the year 2000, which was available 
to the public in 2005. It has 94 sectors and the list of sectors is as in Table 4.8. An 
initial mini-SAM is constructed for six sectors: two fossil energy sectors (crude 
oil, natural gas and coal and petroleum products), electricity, transport, whole­
sale and trade and the rest of the other sectors. Before proceeding to construct 
the mini SAM, four issues need addressing. First is the issue of trade and trans­
port margins for both domestic and import trade. These are RM27.7 billion for 
domestic margins (inclusive of trade and transport) and RM32.6 billion for im­
port margins. There are no intermediate or final demands for these commodities. 
These cause imbalances in the SAM.
Second is the issue regarding the imputed bank charges. These are charges 
from financial institutions. In Table 3 of the I-O, this amounted to RM21.6 billion. 
Domestic production in banking services and other financial services amounted 
to RM30.3 billion, whereas the sum of final demand and intermediate demand 
falls short of the imputed bank charges figure of RM21.6 billion.
The remedy to these two issues is to create a fictitious ‘activity’ and a ‘com­
modity’ called Margin {MAR). This activity and commodity are used to re­
distribute the margins/bank charges to the appropriate sectors; trade and trans­
port margins to transport sector and wholesale/trade sector and bank charges to 
the banking services and other financial institutions. Hence the reason for the 
inclusion of a transport sector and a wholesale and trade sector in the mini SAM.
Third is the issue regarding domestic non-market production, which is valued 
at RM0.68 billion (Table 4.2, Domestic service). This item is consumed as private 
consumption (expenditure) but there is no payment to factor inputs involved in 
the production. Lastly is the issue of direct imports of RM8.3 billion which is 
re-exported for RM19.5 billion. The net export is treated as private consumption
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(RM 11 billion) in Table 1 of the I-O. As these items do not use factor inputs 
(no payments/ income to factors), they also pose balancing problems in the SAM. 
The approach taken here to deal with these two issues is simply to ignore them 
completely and assume that their consumption will be reflected through house­
hold savings and foreign savings. As they do not involve domestic production, 
their exclusion is thought to have minimal impact, if at all. As a result of this 
exclusion, the value of GDP is now higher that those computed in in Table 4.2.
The mini SAM is an extension to a macro SAM in that it consists of two 
types of households (rural and urban), an enterprise account, four type of tax in­
struments (direct taxes, sales tax, other indirect taxes, and tariff), stock changes, 
transaction costs and a fictitious Margin account. The government sector is an 
aggregate of Federal, State and Local governments. The household expenditure 
in input output table is only for a single representative household. I apportioned 
this expenditure using the.share of each component of household expenditure as in 
the Report on Household Expenditure Survey 1998/1999. Table 4.5 summarises 
the energy and transport expenditures for both types of households. Total energy 
expenditure in household’s monthly expenditure is about 8%. Rural households 
spend a slightly larger percentage of their income on energy at 8.32% as compared 
to urban households at 7.93%. Urban households are spending slightly more on 
electricity than rural households.
Total household expenditure as per input-output table 2000 is RM 144 bil­
lion.^ Detailed data on households’ income is not available. However, a published 
mean monthly gross household income in 1999 was RM3,103 and RM1,718 for 
urban and rural households respectively (Ninth Malaysia Plan, Chapter 16, page 
333). Table 4.6 is constructed by simply multiplying average monthly income and 
monthly expenditure by twelve months to get to annual income and expenditure. 
The average monthly expenditure data is obtained from a Report on Household 
Expenditure Survey Malaysia 1998/99. A total number of private households in 
Malaysia is about 4.8 million, 3 million of which are urban households. Data 
on household’s characteristics are obtained from Population and Housing Census 
2000. The mean savings for urban and rural households are simply taken as the 
difference between mean income and mean expenditure. The RM 144 billion in
^Excluding Direct Purchase Abroad and Domestic Services
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Expenditure Type
Malaysia (%)
Total Urban Rural
Electricity 2.34 2.39 2.27
Gas 0.48 0.38 0.66
Petroleum products 5.25 5.17 5.39
Petrol, motor oil and grease 5.19
Liquid fuels 0.03 0.01 0.06
Other fuels 0.03 0.01 0.07
Total Energy Expenditure 8.07 7.93 8.32
Transport 2.21 2.25 2.15
Other Expenditures 94.14 94.31 93.84
Total Expenditure 100.00 100.00 100.00
Table 4.5: Household expenditures 
source: own calculation, based on Household
on energy and transport 
Expenditure Survey 1998/1999
private consumption is shared between urban and rural households according to 
their share of total expenditure in Table 4.6.
Urban Rural Total
Total Private Households 
Mean Annual Income (RM)
Mean Annual Expenditure (RM)
Inferred Annual Savings (RM)
Aggregate Annual Income (RM Billion) 
Aggregate Annual Expenditure (RM billion) 
Aggregate Annual Savings (RM billion)
3,014,514
37,236
23,316
13,920
112.2
70.3
42.0
1,763,062
20,616
15,240
5,376
36.3
26.9
9.5
4,777,576
148.6
97.2
51.4
Table 4.6: Mean Income, Expenditure and Savings 
source: Mean Income - 9th MP , Mean Expenditure - Report on Household Expenditure
Survey 1998/1999.
In the input-output table, labour income in 2000 amounted to RM99 billion. 
From a Population and Housing Census of Malaysia 2000, 66.6% of total employed 
population were in the urban area, and the remaining 33.4% in the rural area.
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Using this ratio, labour income is apportioned to these two types of households. 
The figure of direct taxes paid in 2000 by a single category household (individual 
income tax) obtained from Table VII.2 of the Central Bank of Malaysia was RM7 
billion. This value is shared by the urban and rural households according to the 
level of their income. Total direct tax payment in Table 4.3 is RM29 billion. The 
remaining direct tax is allocated to enterprises (corporations).^ Total private 
savings are RM80 billion and these are allocated between households according 
to their inferred savings in Table 4.6. Since the mini SAM includes an enterprise 
account, part of these savings belongs to enterprises. However, no statistic is 
available on corporate savings and household savings. Therefore it is assumed 
that firms redistribute all of their profits to households. Once the households’ 
labour incomes, expenditures, direct taxes, and savings are determined, then the 
residuals are assigned to capital income. Using the information above, the mini 
SAM is put together and balanced using the cross-entropy method. This is shown 
in Table 4.7.
The Final SAM
The final SAM has 90 commodities and activities (including Margin). Its total 
dimension is 196x196. A description of sectors are as shown in Table 4.8. Inter­
industry transactions are obtained from the Input-Output Table for the year 
2000. A few sectors (marked by * in the table) have to be aggregated as domestic 
supply for these commodities on their own are negative.
4.4 Conclusion
This chapter has shown a construction of a social accounting matrix (SAM) for 
Malaysia using the latest data set available (input-output 2000). It can be used in 
a CCE model to provide analysis of the distributional impacts of energy policy for 
socioeconomic household groups. The main sources of data come from the input- 
output table 2000, annual statistics from the Ministry of Finance, Household 
Expenditure Survey and Census of Housing and Populations. Although attempts
^This consists of companies income tax, petroleum income tax, stamp duties and others.
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have been made to include as accurate the data as possible, adjustments have 
to be made because data are coming from various sources. In addition, due to 
lack of published data, especially on incomes, some simplifying assumptions are 
necessary. The data for households are taken from 1998/1999 survey data as no 
survey was done for the year 2000. A cross entropy method is used to balance 
the SAM so that column totals are equal to row totals. The final SAM is checked 
for any extreme deviation from the original data, and no such extreme deviation 
was found. The mini SAM and the final SAM are ready to be used in the CGE 
model.
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Sector Nam e D escription Sector N am e D escription
1 aoth Agricultural products other 46 clay Clay products
2 rubb Rubber primary products 47 ceme Cement, lime & plaster
3 opal Oil Palm primary products 48 otnm Other non-metal products
4 coco Coconut 49 iron Iron &: steel
5 tea Tea 50 nferr Non-ferrous metal
6 live Livestock etc. 51 fabm Other fabricated metal and fixtures
7 fore Forestry &: logging products 52 stmt Structural metal products
8 fish Fish etc. 53 omtl Other metal products
9 crud Crude petrol 54 radi Radio, TV & com. Equipment**
10 metl Metal ore 55 eapp Elect, appliances & houseware
11 ston Stone, clay &: sand quarrying 56 emac Other electrical machinery
12 meat Meat & meat products 57 ship Ships & boats
13 dair Dairy products 58 moto Motor vehicles
14 pfru Preserved fruits & vegetables 59 cycl Cycles & motorcycles
15 psea Preserved seafood 60 omfg Other manufacturing products***
16 ofat Oils and fats 61 elec Electricity &: gas
17 grai Grain mill products 62 wate Water
18 bake Bakery products 63 buil Buildings & constructions
19 conf Confectionery 64 whol Wholesale &: retail trade
20 ice Ice 65 hote Hotels & restaurants
21 otfd Other foods 66 trans Transport
22 anfd Animal feeds 67 comm Communication
23 wine Wine and spirits 68 bank Banking services
24 sdri Soft drinks 69 ofin Other financial services
25 toba Tobacco 70 ins Insurance
26 yarn Yarns & cloth 71 rest Real estate
27 kfab Knitted fabrics 72 dwel Ownership of dwellings
28 otex Other textiles 73 buss Business services
29 wear Wearing apparel 74 edpv Education - Private
30 leat Leather products 75 edpl Education - Public
31 fwer Footwear 76 hlpv Health - Private
32 smil Sawmill products 77 hlpl Health - Public
33 owod Other wood products 78 ngo Private non-profit services
34 furn Furniture 79 entr Entertainment
35 pape Paper & board 80 tvbr Radio & TV broadcasting
36 prin Printed products 81 recr Recreation
37 inch Industrial chemicals 82 repm Repair motor vehicles
38 pain Paints &: lacquers 83 orep Other repair
39 drug Drugs & medicines 84 rcyc Recycle products
40 soap Soap & cleaning preparations 85 oser Other private services
41 otch Other chemical products 86 padm Public administration
42 petr Petrol & coal products 87 pord Public order
43 rubp Rubber* 88 defe Defence
44 plas Plastic products 89 opad Other public administration
45 chin China, glass pottery 90 mar Margin
Table 4.8: Aggregated Sector: Manufacturing 
*processed rubber and rubber products 
^include households and industrial machinery 
**include other transport equipment and instruments & clocks
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Chapter 5
The M odel
5.1 Introduction
The process of constructing a CGE model is shown in Figure 5.1. The first 
two steps have already been performed in the previous chapter. This chapter is 
intended to describe agents’ behaviour in functional form and to estimate un­
known parameters in the model. The model is then solved for the benchmark 
equilibrium, and the model results are checked to confirm that they are replicat­
ing it. This is to make sure that unknown parameters are correctly estimated.^ 
This is a crucial process because parameters that do not reproduce benchmark 
data will produce wrong results. Once this is satisfied, a simulation can then be 
carried out by introducing a shock to the system, and results can be compared 
with the benchmark values. A shock that is exogenous to the model changes the 
equilibrium. This shock may come from external factors like crude oil prices or 
from internal factors such as government intervention (policy) through taxes and 
subsidies. The magnitude of change between the new equilibrium and the old 
equilibrium represent the impact of such a shock.
Welfare Indicator
The impact of policy on society is measured by a change in welfare. Welfare can 
be measured using information from indifference curves or demand curves. Larsen
^The process is also known as calibration technique.
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B a s i c  e c o n o m i c  d a t a  fo r  
s in g le  y e a r
B e n c h m a r k  equ i lib r ium  
d a t a s e t
S p e c i f ic a t io n
ofC h o i c e  o f  fu n c t io n a l  f o r m  
a n d  C A L IB R A T IO N  toR e p l i c a t io n  . 4— * e x o g e n o u s
c h e c k b e n c h m a r k  e qu i l ib r iu m e la s t i c i ty
v a l u e s
_L
P o l i c y  c h a n g e s  s p e c i f i e d
P o l i c y  A p p r a i s a l ;  b e n c h m a r k  
v s  c o u n t e r f a c t u a l
F u r th e r  
po l icy  
c h a n g e s  
t o  b e  
e v a l u a t e d
Exit  ^ — " C o u n te r f a c tu a l "  eq u i l ib r iu m  
c o m p u t e d  f o r  n e w  po l icy  
r e g i m e
Figure 5.1: Stages of CGE Modelling 
source: Shoven & Whalley (1992)
& Shah (1992) and Freund (1997), for example, use demand curve information to 
measure a change in consumer surplus as a welfare indicator. Measuring welfare 
using information from indifference curves and budget lines are more common in 
a general equilibrium, because it can easily be formulated in and derived from 
the model. Figure 5.2 describes welfare measurement using indifference curves 
and budget lines. A representative household is at an initial equilibrium at point 
A, with the original (benchmark) money metric indirect utility function /Co, 
and the budget line BLq. An increase in price due to tax or subsidy pivots the 
household budget line inwards to BLi and a utility maximisation subject to a 
new budget line yields a new combination of goods at point B. At this point, 
this household ends up with lower utility level. At this utility level, and if the 
price had not changed, this household would consume at point C where a budget 
line B L 2 (red) is parallel to the original budget line and is tangent to IC\. A 
vertical distance between the old budget line {BLq and the budget line B L 2 (red) 
indicates how much in equivalent income (Equivalent Variation) this household
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have lost as a result of price increase. A Compensating Variation (CV) for a 
price increase is the amount of money to be added to household income to keep 
him/her at the same utility level (/Co) before the price increase.
The welfare can be modelled in a CGE model by creating a fictitious good 
called ‘welfare.’ A household is a producer of ‘welfare,’ and ‘welfare’ is produced 
using private consumption as inputs in a specified production function. In this 
analysis, I use a Hicksian Equivalent Variation (EV) as a measure of welfare, be­
cause it can be directly be measured through changes in the quantity of ‘welfare.’ 
Equivalent Variation (EV) is given by:
E V  — {Qi — Qo) • Pq (5.1)
where Qq is the initial quantity of ‘welfare’ demanded at price of ‘welfare’ Pq and 
Qi is the new quantity demanded after the price change to Pi.
G o o d  Y
E V
\B
BL,
0
G o o d X
Figure 5.2: Equivalent Variation
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5.2 M athem atical Programm ing System  for Gen­
eral Equilibrium
Thomas F. Rutherford of the University of Colorado developed an interface for 
GAMS to solve a general equilibrium problem. It is called a Mathematical Pro­
gramming System for General Equilibrium, or MPSGE. Rutherford augmented 
the work of Mathiesen (1977) and Mathiesen (1985) which were concerned with 
linear programming of a complementarity problem. The program is based on 
nested constant elasticity of substitution utility functions and production func­
tions.^ MPSGE is becoming increasingly popular because it substantially reduces 
the requirement of programming in GAMS. Rutherford (1997) demonstrates the 
that MPSGE can be used to solve Hargerger, Shoven and Samuelson tax models.
In MPSGE, the model is solved as a mixed complementarity problem (MGP) 
which lies on three sets of ‘central variables’; prices p, activity level y and income 
M.^ Equilibrium in these variables satisfies three classes of non-linear inequal­
ities; zero profit, market clearance and income balance. The mathematical for­
mulation that underpins the MPSGE is presented below and can also be found 
in Rutherford (1997).
Zero Profit constraint
Zero profit condition for a constant return to scale producer can be written as:
-n ,(p )  =  C j(p )-f l ,(p )> 0  Vj (5.2)
where
p — non-negative n-vector of commodity prices;
—Uj{p)= profit per unit function of firm
Cj{p) = cost per unit function given as Cj{p) = mm'EiPiXi\fj{x) = 1;
Rj{p) = mo,x'EiPiyi\gj{y) =  1;
/  and g are the production functions; and
^For detail explanation, see Rutherford (1997).
^Mathiesen (1985) deals with price and activity level. Rutherford augments this with a 
third set of variables corresponding to consumer income levels.
^MPSGE solves the model as a unit of output.
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i is the commodity.
Equation 5.2 suggests that activity level y is complementary to the profit level.® 
M arket C learance
For all markets to clear, the supply either meets the demand or exceeds excess 
demand at the prevailing prices. This condition is written as:
+  SkWik >  V,hdiH{p, M u)  (5 .3 )
àpi
where
ujih is the endowment of good i by households h
dih is the aggregate final demand for good i by households h
Mh is the household income
The demands for good i are derived from utility maximisation subject to 
income constraint given as:
dih{p,Mh) = argmaxC4(æ) | =  Mh (5.4)
i
where Uh is the utility function for household h.
Incom e Balance
The value of the representative agent must equals to its endowment given as:
Mh — i^PiUJih (5.5)
and Walras’s law states that,
EiPidih = Mh = i^PiüJih (5.6)
^Activity level y  is characterised as a constant return to scale.
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Equilibrium and Complementarity Slackness
In equilibrium, if zero profit conditions are met, then all producers are making 
zero profit. We can write:
=  0 (5.7)
ViUjip) =  0 Vj (5.8)
The above equations demonstrate the complementarity between output and profit 
per unit. For example, for any positive output (y > 0), unit profit for the firm 
will be zero. Likewise, if there is a positive unit profit (-n^(p) > 0), output y will 
decrease until total profit is zero. From Equation 5.8, y is the complementary 
variable. In equilibrium, profit is zero, for all positive y’s. The term ‘mixed’ 
indicates that the solution is a mix of equalities and inequalities.
A complementarity also exists in Equation 5.3. In equilibrium, we can write:
P i +  SfcW ift -  T,hdiH{p, Mh)) = 0 Vi (5.9)
Equation 5.9 suggests that price is the complementary variable to excess supply. 
In equilibrium, excess supply will equal zero for all positive price vector. There­
fore Equation 5.8 and Equation 5.9 show that there is complementarity between 
system variables and system conditions.
In MPSGE, the model is represented in four main blocks and are written in 
GAMS in the following fashion:
$SECTORS:
In this block, production sectors are declared. In the above example, there are 
three sectors; sector producing Qi, sector producing Q2 and sector consuming 
Qi and Q2 (consumer). The variables are the activity levels. This block ensures 
that the zero profit condition is maintain i.e the value of inputs equal the value 
of outputs.
$G0MM0D1T1ES:
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In this block, commodities are declared. The variables are prices and they ensures 
that supply is equal to demand.
$CONSUMERS:
This block defines the agent that supplies the factor inputs and demands mar­
keted outputs. This block ensures that all incomes are exhausted.
$PROD:
In this block, production technologies are specified. It describes how inputs are 
converted into outputs.
$DEMAND:
This block is similar to $PROD block as it specifies the utility functions from 
consumption of commodities.
In MPSGE, reference price and reference quantity are both in unity. This 
can be explained as follows: a Marginal Rate of Substitution (MRS) is a slope 
of an indifference curve (a Marginal Rate of Technical Substitution (MRTS) in 
the case of isoquant). The slope of the budget line is given by the ratio of 
commodity prices. These two sources of information determine the ‘anchor’ point 
of the equilibrium. The curvature of the indifference curve that determines the 
degree of substitution depends on the value of the elasticities. The higher the 
value of the elasticity, the flatter the curve. At the ‘anchor’ point of (1,1) as 
in Figure 5.3 below, there exists an indifference curve through this point that 
defines the preference or the technology. This property (price and quantity are 
unity) makes the process of calibrating the benchmark parameters much easier 
and more efficient.
Using the neo-classical example from the previous chapter, MPSGE/GAMS 
codes are written as in Box 1. The solution report is shown in Box 2. The lower 
and upper are bounds, in which lowest is zero (.) and highest is infinity (INF). 
The level is the solution value. As mentioned above, the benchmark reference 
price and quantity is one. Therefore, if the solution returns the value of one, it 
indicates that the solution is consistent with the benchmark data presented in
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G o o d  Y
0
G o o d X
Figure 5.3: Reference price and quantity
the SAM. If a new simulation is carried out, a new equilibrium solution is found 
and a deviation from the benchmark value (one) can then be measured. If one is 
interested in the actual values, then simply multiply the reference quantity with 
the actual benchmark value (e.g 1x30 for XI).
The MPSGE simplifies the requirement of complex programming of non-linear 
equations in GAMS (Rutherford, 1997). It is easy to use, and certainly reduces 
the modelling time. More importantly, it is easier to find a solution. Its limitation 
is that it can only use a utility or production function of a G ES family.
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$MODEL:NEO
$SECTORS:
XI! A c tiv ity  le v e l  fo r  sec to r  1 
X2I A c tiv ity  le v e l  for  sec to r  2 
C I Households consumption (w elfare index)
$COMMODITIES:
PI
P2
PL
PK
PC
P rice index fo r  commodity XI 
P rice index fo r  commodity X2 
P rice index for  primeiry fa c to r  L
P rice index for  primary fa c to r  K
P rice index fo r  w elfare (expenditure function)
$CONSUMERS: CONS ! Income le v e l  fo r  consumer CONS
$PR0D:X1 s : l  
0:P1 Q: 1x30 P:1 
I:PL Q: 1x20 P:1 
I:PK QzlxlO P:1
$PR0D:X2 s : l
0:P2 Q 
I:PL Q 
I:PK Q
15
10
5
$PROD:C s : l  
0:PC Q:45 
I:P1 Q:30 
I:P2 Q:15
$DEMAND:CONS 
D:PC Q:45 
E:PL Q:15 
E:PK Q:30
BOXl
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GAMS Rev 145 x86/MS Windows 11/10/07 17:40:13 Page 7
G e n e r a l A l g e b r a i c M o d e 1 i  n g S y s t  e m
Solu tion  Report SOLVE NEO Using MOP From l in e 292
LOWER LEVEL UPPER MARGINAL
------  EQU DUMMYOl •
DUMMYOl A r t i f ic ia l  equation fo r  model : NEO
LOWER LEVEL UPPER MARGINAL
---- - VAR XI . 1.000 +INF
---- - VAR X2 . 1.000 +INF
------  VAR C . 1.000 +INF
------  VAR PI . 1.000 +INF
------  VAR P2 . 1.000 +INF
------  VAR PL . 1.000 +INF
------  VAR PK . 1.000 +INF
------  VAR PC . 1.000 +INF
------VAR CONS . 45.000 +INF
XI A c tiv ity  le v e l  fo r  sec to r  1
X2 A c tiv ity  le v e l  fo r  sec to r  2
C Households consumption (w elfare index)
PI Price index for  commodity XI
P2 Price index for  commodity X2
PL P rice index for  primsiry fa c to r  L
PK P rice index for  primsiry fa c to r  K
PC P rice index for  welfeire (expenditure function)
CONS Income le v e l  fo r  consumer CONS
**** REPORT SUMMARY : 0 NONOPT
0 INFEASIBLE
0 UNBOUNDED
0 REDEFINED
0 ERRORS
*** REPORT FILE SUMMARY
BOX 2
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The model assumes that all production functions and utility functions are of a 
Constant Elasticity of Substitution (CES) type. Two special classes of a CES 
function used in the model are a Leontief function (zero elasticity of substitu­
tion) and a Cobb-Douglas function (elasticity of substitution is unity). They 
are the 89 producing sectors and commodities as presented in Table 4.8.® Two 
types of households, rural and urban, are incorporated in the model to assess 
the distributional impact of a policy change. The model is a small open econ­
omy model where prices beyond the domestic border are taken exogenously. The 
model incorporates macroeconomic closures as in a structural model, presented 
in the previous chapter. Labour is fixed in supply but assumed mobile across 
sectors and capital is sector specific (fixed).
5.3.1 A ggregate Supply and A ggregate D em and
Export(E^X) Import (/M )
IN T D I N V
Domestic Supply {XD)
Domestic Production {XC)
Figure 5.4: Supply and Demand
®The other sector is M A R  which is a non-production sector.
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The mechanism behind a continuous cycle of an economy is a continuous 
supply-demand interaction. Producers supply what consumers demand and house­
holds (consumers) supply factors of production to producers. In an open economy, 
consumers have choices between goods that are domestically produced and those 
that are imported. In this section, this mechanism is shown diagrammatically 
as well as in mathematical representations. Figure 5.4 shows how the aggregate 
supply and aggregate demand is specified in the model. In an open economy 
with g commodities (alias with 5 ), total domestic production { X C g )  consists of 
production for domestic markets X D g  and production for exports X E g .  Mathe­
matically, this can be written as:
X C g = X D g + X E g  (5.10)
Producers produce two types of commodities; one for domestic market and the 
other for export markets. These outputs are assumed to be imperfect substi­
tutes, and they are supplied in each market according to a Constant Elasticity of 
Transformation (GET) function described in Equation 5.11 below:
°'de,g-ln
where
X D g  is the total domestic output demand;
6xd is the share parameter of commodity g;
Gde,g is the elasticity of transformation between domestic and export market of 
goods g where Gde^ g = _i and p is the substitution parameter; and 
X E g  is the exports of commodity g.
X D g  and X E g  can be derived by solving a usual cost minimising problem. Let 
P X D g  and P X E g  be domestic and export prices, the formulation for a cost 
minimisation of aggregate supply can be written as:
min P X D g  • X D g  - f  P X E g  • X E g  
subject to
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XG ,
d^e,g  ^ d^e,g  ^-|
O ^ d X D g  ^de,9 +  (1 -  e ^ d ) X E g  ‘^ de,g
d^e,g
The first order condition of the above minimisation problem yields supply func­
tions (transformation function) for domestic output and exports.
X D ,  =  X C , ( ^ ^ ) ' -  (5.12)
9
X E ,  =  X C , [ ^ ^  ( 5  1 3 )
and P X C g  is the price (unit cost) of aggregate supply X C g .
Using the information above and after a few manipulations (please refer to 
Appendix B for detail), a price (unit cost) function of domestically produced 
goods can be deduced as;
P X C g  = { e ‘’^ ‘; ^ P X D g ^ - ' ’ ' ^ - ’  +  (1 -  e ^ i _ g Y ’^ - ’ P X E g ^ - ” ' ^ - 0 ^  (5.14)
Prom Figure 5.4 above, domestic production (net of exports) together with 
imports form the available supply for domestic consumption, commonly referred 
to as an Armington supply. Following Armington (1969), domestic outputs and 
foreign outputs are assumed to be imperfect substitutes, and thus can be repre­
sented in a CES function as:
X A g  =
^dm.g 1 ^dm,g 1 -, ■
'dma -H(l --6Lana)JTjW  ^ (5 15)
where
X A g  is the total supply of commodity g;
Gxdm is the share parameter of commodity g\
o'dm,g is the elasticity of substitution between domestic and imported goods g 
where a dm,g =   ^_ï and p is the substitution parameter; and
X M g  is the imports of commodity g.
From the first order condition, the demand functions for X D g  and X M g  are:
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XDg =  (5.16)
X M g  = (5.17)
where P X D g  is the price of domestic output g, P X M g  is the price of imported
commodity g, and P X A g  is given as:
(5.18)
5.3.2 D om estic P roduction
The production sector uses capital (A), labour (T), energy {E) and intermediate 
materials {INTD)  as inputs. Domestic production of commodity s {XCs) as a 
function of the above inputs can be written as:
e  (5.19)
where INTDg^s is the intermediate demand of commodity g by sector s. The 
model assumes that inputs can be partitioned and that the production function 
can be weakly separated following Berndt & Christensen (1973).^ This assump­
tion allows inputs to be pooled together as composites and nested in different 
production levels. There is no right or wrong way of nesting these inputs. How­
ever, it is common in CGE literature (and perhaps most sensibly) that at the 
top level of production nest, energy, capital and labour are nested in a composite 
{EKL), and that they are weakly separable to material input. A diagrammatic 
representation of production structure is given in Figure 5.5.
^Let Y  =  F{x) =  F{x\,...Xn)- N  =  [l,...,n ] are inputs and is partitioned into r mutually 
exclusive and exhaustive subsets [Ni, called R.  The production function F(x) is said to 
be weakly separable with respect to the partition R  if the marginal rate of substitution between 
any two inputs xi and xj  from any subjects Ns, s =  1,..., n, is independent of the quantities of 
inputs outside of iVg .
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Labour (L)
Energy (E)
Electricity (EL)
Capital (K)
Petroleum (PETR)
Domestic Production (XC)
Intermediate (INTD)
Energy, Capital (EK)
Energy, Capital & Labour (EKL)
Figure 5.5: Production Structure of M2T-MAS
The top level production function describes the production of domestic out­
puts X C  using two inputs, materials (INTD)  and composite input of energy and 
value added (EKL). This production function is specified as a Leontief function, 
which is a special class of CES (atop =0) and can be written as:
X C . = min
EK L. INTD, ,m m --------
®0,s 3 ^g,s
The demand functions for EKLs  and INTDg^s are:
9,s
E K L s  =  a o ^ s^ C s  
NTDg^S =  ttg^sXCs 
IN T D ,  =  Y^INTD^^,
I N T D g ^ S  E  N A g ^ s
(5.20)
(5.21)
(5.22)
(5.23)
The INTD s  themselves are used in fixed proportion as well. As in Figure 5.4, 
these commodities come from the Armington supply. This is shown in Equation 
5.24 below.
IN T D . (5.24)
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where b is the fixed coefficient. Re-writing Equation 5.24:
= b J N T D ,  (5.25)
The price of intermediate P IN T D ,  is given by:
PINTD s = bs{l + ta,s)PXAs (5.26)
where ta is a domestic indirect tax rate.
The second level of production structure, E K L  composite is produced using
two inputs, a composite energy and capital (EK)and labour (L). The production
function for the second level can be written as:
o-ekf,3-1-1
E K L .  =
where EKg is the composite of energy and capital for sector s, (Jeki,s is the elas­
ticity of substitution between composite energy-capital and labour, and aek,s is 
the share parameter. The first order condition yields demand function for EKs 
and Ls as:
E K ,  =  (5.28)
L, = E K L , ( ^  ^ ~  a ,k^ )P E K L ,y>^ <.. (5.29)
where P E K  is the unit price of composite EK , PL  is the unit price of labour, 
and P E K L  is the price of composite good E K L  given as:
P E K L , = ( a 2 ’;','’P E K ,^-‘'‘'“’' +  (1 -  (5.30)
The third level of production structure describes the production of composite 
capital energy (EK)  using two inputs, energy (E) and capital (K). Their de­
mands are determined from cost minimisation subject to the following production 
function:
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(5.31)E K .=
where Eg is the composite of energy inputs for sector s, aek,s is the elasticity 
of substitution between a composite energy and capital, and ae,s is the share 
parameter. The respective demand functions for composite energy and capital 
are:
a  -  (5.32)
a .  .  (5.33)
where P E  is the price of composite energy, P K  is the price of capital, and P E K  
is the price of a composite good E K  given as:
(5.34)
The final level of the production structure describes the production of compos­
ite energy E  using two inputs, electricity (EL) and petroleum products {PETFt). 
A cost minimisation is subject to a CES production function, written as:
E. =
^e lp e t.s  1 °^elpet,s 1
aei,sELg P  (1 -  aei,s)PETRs
^e lpet,s
(5.35)
where ELs is the electricity input for sector s, (Jeipet,s is the elasticity of substitu­
tion between electricity and petroleum products, and Ug/.s is the share parameter. 
The respective demand functions for electricity and petroleum products are:
EL.  -  (536)
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where PE L  is the price of electricity, P P E T R  is the price of petroleum products, 
and P E  is the price (unit cost) of a composite good E, given as:
l —cr,elpetfS
PEs = +  (1 -  PPETRg^-^^^^^*^^ j  ' (5.38)
5.3.3 H ouseholds C onsum ption
M2-TMAS has two types of households, urban and rural, and they receive incomes 
from labour, capital, savings and net transfer from the government and the foreign 
sector. They maximise utility (C4) subject to their endowment constraint. Each 
household’s utility function is characterised as a Cobb-Douglas utility function, 
given as:
^ ' • = n c ' . T  (5.39)
9  9
where ag^ h are share parameters and Cg^ h are the consumption of Armington 
goods s by household h. The budget constraint for households is given as:
ENDOWh = P K - K h P P L - L h  + T R N h -  D T A X h -  SAVh (5.40)
where ENDOWh is an endowment for household h, P K  is the price of capital, PL  
is the price of labour, T R N  is a transfer payment from government or the rest of 
the world, D T A X  is a direct tax (income tax) and SAVh is the household savings. 
If PC  is the price of consumption goods C, households’ utility maximisation 
problem subject to a budget constraint can be written as:
max Uh 
subject to
E N D O W h
9
Solving the utility maximisation problem above with a given income constraint 
E N D O W  gives:
122
5.3 M 2-TM AS M odel Structure
Cg.U = (5.41)PCg
The price of welfare:
- i - r  PC
P %  =  n — -  (5.42)
9 “«■'*
The price PC  is gross of tax:
== (1 (5A3)
5.3.4 G overnm ent C onsum ption
The government consumes mostly services in a fixed proportion given as:
G g = min
L 901 ' '' ' (,0;
(5.44)
'9 .
where Gg is the level of government purchases on commodity g, and gOg is the
fixed coefficient. The price (unit cost) of government consumption PC  is given
as:
PG  =  E 9 0 » ( l  +  t,,g)PXAg (5.45)
9
The total government expenditure GOV is:
GOV = P G - ' ^ G g  (5.46)
9
The government collects direct taxes from households and enterprises and indirect 
taxes from domestic commodities and imported commodities.
G R E V  =  P G - D T A X E N T  +  P G - ' ^ D T A X h  +  ' ^ t a g - P X A g - X A g
h 9
+ Y ^ t m g - X M g - P F X  (5.47)
9
where D T A X e n t  is a direct tax payment by enterprises, DTAXh  is a direct tax 
payment by households and P F X  is the exchange rate.
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5.3.5 Investm ent
Investment demand in sector g [ I N V g ]  is made up of Armington goods and is 
demanded in a fixed proportion given as:
I N V g  =  min (5.48)
i O i  ’ ’ i O g
Tfie price (unit cost) of investment P I N V  is given as:
P I N V  = Y ^ i % P X A g  (5.49)
9
where P I N V  is the unit price of investment. The total investment expenditure 
is given by:
I N V  =  P I N V  ' Y ^ I N V g  (5.50)
9
5.3.6 M arket C learing
Labour and capital is assumed to be fixed in supply. Therefore the wage rate P L  
and return on capital P K  are the equilibrating variables.
S
' ^ L ,  = L (5.51)
S
Armington supply is the total supply of commodities which satisfies demand for 
intermediates and final commodities in the economy. To fulfill a market clearing 
condition, the sum of Armington supply XAg  must be exactly the same as the 
sum of domestic demand plus margins, i.e:
X A g  = Y ,  I X T D g ^ ,  + Y  Gg.h + G g +  I N V g  +  S T K g  +  M A R g  (5.52)
s h
where S T K g  is the stock changes and M A R g  is the trade/transport margins and 
bank charges. For international trade, the market clearing equation is given by:
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P I N V  ■ F S A V  =  T R N r a u ,  ■ P F X  + Y  F E N D O W r o w  - P F f  (5.53)
f
where P F X  is the price of foreign exchange, T R N  is a net transfer from the rest 
of the world {row), F E N  DOW  is the net factor endowments and F S A V  is the 
foreign savings. The government savings can be obtained by deducting Equation 
5.46 from Equation 5.47:
G SAV = G REV  -  GOV (5.54)
Saving-Investment balance equation is given by:
P IN V -H SA V + P IN V -G SA V + P IN V -F SA V  = Y P ^ X V - I N V g + Y P ^ X V - S T K g
9 9
(5.55)
5.3.7 Special Features for th e M alaysian M odel
The model of Malaysia departs from a strict neo-classical model, in that it features 
a Harris-Todaro (1970) type migration and unemployment in the labour market.
There are two types of labour in this model; urban (formal) and rural (informal).
If the expected real wage in the urban area is higher, then there will be incentive 
for rural labour to migrate. Migration continues until the real wage between 
these two types of labour is equal. Following Rutherford & Light (2001), a wage 
equation for the urban labour is given as:
^  =  g{ur) =  i f 9 < o o , ^  =  l i f 9  =  oo (5.56)
where P  is a consumer goods price index, ur is the unemployment rate in the 
urban area, 6 is the wage elasticity parameter and cj) is the parameter calibrated to 
match the base year data. As 6 approaches infinity, the real wage approaches to 
a constant value which is independent of the unemployment rate (neo-classical). 
Figure 5.6 shows the interaction of labour demand and supply in a labour market.
LD is the labour demand curve and LS is the labour supply curve. If the wage 
curve is drawn using the wage equation in Equation 5.56, it will lie above the
125
5.3 M 2-TM AS M odel Structure
labour supply curve if unemployment is positive (red curve). With a wage curve, 
the equilibrium wage rate is W/P^ which is above the market clearing wage rate 
W/P°. At W/P^, there is unemployment which is equal to the horizontal distance 
between and
Real wage Wage curve
LS
lemployment
LD
Labour
Figure 5.6: Urban wage curve and unemployment
Labour’s decision to migrate from rural to urban areas will depend on two factors; 
the difference in current wage, and the probability of getting employment in the 
urban area. As long as the real wage in the rural area is less than the
expected real urban wage ((1 — ur) • rural labour will decide to move.
The migration will continue until:
wrural = (1 — ur) • Wurban (5.57)
The labour supply of the urban sector is given as :^
^Rutherford & Light (2001), page 13
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• urban (1 — ur) • mr  • L (5.58)
where mr  is the migration rate and L is the total supply of labour. Equation 5.58 
states that the supply of labour in urban area is made up of those who migrated 
and get employment. The rural supply of labour is therefore consist of those who 
chose to stay. This is given as:
L™™'=  Z • (1 -  mr) (5.59)
Another feature that deviates from the strict neo-classical model is modelling 
of the electricity sector. As electricity tariff is regulated, electricity sector is 
assumed not follow a standard marginal cost pricing. The tariff is fixed and kept 
below the market price through subsidies. As price is made fixed for electricity 
sector, its outputs vary in response to demand. In a case of the crude oil sector, 
this sector is not permitted to increase production beyond its output quota. Once 
the domestic demand is satisfied, the remaining will be exported. As Malaysia is 
a small producer, the world price is taken as given. Capital is assumed fixed and 
operating at full capacity.
5.3.8 A lternative Closures o f M arket Clearing M echanism
M2-TMAS model makes use of three IFPRTs model closures. Closure 1 allows a 
choice between fixed or flexible government savings though adjustment in direct 
tax, closure 2 allows a choice between fixed or flexible exchange rate through 
adjustment of exchange rate, and closure 3 allows fixed private savings or flexible 
private saving. If government savings are fixed, then under closure 1, the direct 
tax rate in Equation 5.47 will vary to clear the market. Closure 2 refers to 
Equation 5.53. If foreign savings (FSAV)  are fixed, then the exchange rate (PFX) 
will be the variable that clears the market (flexible exchange rate). Likewise, if 
the exchange rate is fixed, then foreign savings will be the adjusting variables to 
clear the market. The last closure makes use of Equation 5.55, where investment 
can be savings driven or savings can be investment driven.
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5.4 Exogenous Param eters
Once the functional forms are established, the next step is to specify the value 
of elasticity of substitution. A common practice is to select elasticity parameters 
from other empirical studies and use them in the model. Table 5.2 shows the 
values used in the model. For a Constant Elasticity of Transformation (CET) 
function, the value of elasticity used is 5. Wee (1997) used an average of 3.8 in 
export elasticity values for Malaysia. The value of CET used here is also consis­
tent with values used in Harrigan (2000) for Malaysia (cr=5 for manufacturing), 
Rutherford (2006) in a CGE model for Peru (cr=5) in that there are very elastic. 
At the top level of production, the elasticity value is specified as zero {atop = 0), 
meaning that the inputs are used in a fixed proportion. It is less easy to determine 
the value of elasticities in the production. For example, is capital a substitute 
or a complement input to energy input? From econometric studies, for example 
in Berndt & Wood (1975), Berndt & Wood (1979) for the U.S, Kemfert (1998) 
for the Germany, the results are inconclusive. Most CGE studies in Table 5.1 
however appear to view capital and energy as substitutes.
Country Specification K-E relationship Value
Naqvi (1998) Pakistan K-E Substitutes N/A
Wiese et al. (1995) the U.S.A VA-E Substitutes 0.8
Breuss (1998) Austria K-E Substitutes N/A
Wissema (2006) Ireland KE-L Substitutes N/A
Kehoe & Serra-Puche (1991) Mexico KE-L Complement 0
Burniaux at aZ. (1992) Regional KE-L Substitutes N/A
Borges & Goulder (1984) the USA KE-L,M Complement N/A
WIAGEM Model* Regional VA-E Substitutes N/A
Joh at al. (2001) Korea KLE-M Substitutes 0.5
Kallbekkan (2004) Regional VA-E Substitutes 0.5
Bohringer (2000) Regional VA-E Substitutes 0.3
*see Kemfert (2002)
VA=value added, K=Capital, L=Labour
Table 5.1: Specification of factor inputs
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Description symbol Value
Transformation (GET) d^e 5
Production: Top level (INTD-VAE) (^ top 0
Production: Second level (EK-L) e^kl 0.846
Production: Third level (K-E) e^k 0.653
Production: Fourth level (EL-PETR) e^lpet 0.3
Armington (XE-XM) ^dm 5
Households (^ h 1
Table 5.2: Elasticities used in M2T-MAS
Unfortunately, research on this issue is not available for Malaysia, otherwise 
this model could benefit from empirically based elasticity of substitution. The 
main problem is the data. Even if there is data available, the variation of energy 
prices, especially of electricity, petrol, diesel and LPG, year-on-year are small as 
prices are regulated. The elasticities of substitution between inputs are assumed 
to follow the work of Kemfert (1998) who estimated elasticity parameters under 
all three specifications ((KE-L),(KL,E) and (EL-K)) for Germany’s industry. This 
may or may not be an accurate representation for Malaysia. However, a sensitivity 
analysis will be performed on the model result by varying the value of elasticity 
of substitution. The elasticity of substitution between a composite capital-energy 
and labour (KE-L) at the second level of production technology is specified at 
0.846. In the third level of production, the elasticity of substitution between 
capital and energy is specified at 0.653. The elasticity of substitution between 
electricity and petroleum products is assumed inelastic at 0.3.
5.5 Calibrating the M odel
Prior to running a model simulation, a model must first be checked for bench­
mark replication. That is, the calibrated parameters accurately reproduce the 
benchmark data in the SAM. For the interest of space, a model is run using a 
mini SAM. In the MPSGE, calibration is done by setting the iteration limit to 
zero, and check the solution listing for marginals. These marginals are the values
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of slack variables, which in equilibrium, should equal to zero. If the marginals 
are not zeros, then the benchmark values will be zero due to complementarity 
condition. All prices are normalised using income for EN T.  The solution report 
shows that all marginals are indeed zeros and level values are consistent with the 
benchmark data. The listing of these marginals is provided in Appendix C for 
reference.
Table 5.3 shows the base run results on the share of input in total production. 
Capital share is high in the agricultural sector due to capital intensive sectors 
such as palm oil, forestry and fisheries. An average petroleum input in all sectors 
is about 5.8% of total production. The transport sector has a higher than average 
petroleum input at 12%, followed by the electricity sector at 9.5%.
Sector
Labour 
(% share)
Capital 
(% share)
Crude oil 
(% share)
Petroleum 
(% share)
Electricity 
(% share)
Agriculture 11.9 55.8 8.9 0.8
Crude oil 2.4 83.2 1.5 0.8 0.2
Mining 8.9 24.4 6.4 2.8
Petroleum 1.0 21.3 47.9 9.5 0.9
Manufacturing 5.9 13.0 0.1 2.5 1.7
Electricity&: gas 4.9 55.6 9.5 3.9
Wholesale 13.2 53.1 1.5 1.0
Transport 15.2 19.7 12.3 0.8
Others 18.3 24.6 1.1 1.3
Table 5.3: Base Year Data
Computed from the model
Manufactured output in Table 5.4 accounts for about 36% of household con­
sumption and transport service about 6%. In the base year, there is a net indirect 
tax on petroleum products. Sales tax on motor petrol, diesel and LPG are how­
ever exempted.
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Sector
Consumption 
(% share)
Exports 
(% share)
Imports 
(% share)
Indirect tax 
(%)
Import tax 
(%)
Agriculture 5.9 1.4 2.0 1.0 6.3
Crude oil 6.6 1.4 4.8 1.0
Mining 0.1 0.1 0.5 1.8 5.5
Petroleum 5.7 2.4 2.7 1.8 3.0
Manufacturing 35.7 80.9 82.4 1.6 2.4
Electricity^ gas 1.7 0.0 0.0 0.0 0.0
Transport 3.9 3.7 3.4 0.4 0.0
Others 35.7 4.9 7.7 1.9 0.1
Table 5.4: Base Year Data 
Computed from the model
5.6 Summary and Conclusion
This chapter has explained in detail the construction for M2-TMAS model. The 
model is a small open economy, consisting of two types of representative house­
holds; rural and urban. The model is solved as a Mixed Complementarity Prob­
lem and formulated in MPSGE-GAMS. M2-TMAS has 90 producing sectors, 
producing 90 marketed commodities. The model is of short run as capital is 
fixed. In determining its production structure, M2-TMAS adopts a specification 
where capital and energy form a composite input and demanded together with 
labour input in a nested production function. The elasticities of substitution for 
the CES production function are taken from Kemfert (1998). M2-TMAS incorpo­
rates elements of structural model by incorporating three macroeconomic closures 
- exchange rate closure, government savings closure and savings-investment clo­
sure. The model is tested using a mini SAM data base and its parameters are 
proved to be correctly replicating the benchmark equilibrium.
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Chapter 6 
M odelling Petroleum  Subsidies
6.1 Introduction
Malaysia is an oil producing country. However, its market share in the inter­
national market is relatively small, and Malaysia is not a member of OPEC. 
Therefore, Malaysia has no control over the market price of crude petroleum. 
Domestic petroleum prices, however, are regulated by the government by way of 
subsidy. Between 2000 and 2005, crude oil price rose from USD 25 per barrel 
to about USD 70 per barrel.^ This means that larger subsidies were borned by 
the government. Fearing sizeable subsidies, the government reviewed domestic 
retail petroleum prices.^ In 1999, the price of motor petrol was RMl.lO sen per 
litre, having been the same price since 1994. By February 2006, this had risen to 
RM1.92 per litre. Other petroleum products prices (diesel and LPG) were also 
increased. As a result of these increases, the government could save from paying 
higher petroleum subsidies. This chapter demonstrates the effects of alternative 
options of recycling back the savings from petroleum subsidy reduction. Each op­
tion is evaluated in term of economic performance as well as the state of welfare 
of the general public.
^Based on Tapis Blend. Source: U.S. Energy Information Administration.
^In 2005, the government estimated that petroleum subsidies could reach RM17 billion if 
crude oil price continue to increase and domestic petroleum price remains unchanged (The 
Prime Minister’s Department).
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In Malaysia, the government ensures a low price of petrol, diesel and cooking 
gas by exempting sales tax on diesel and petrol and providing subsidies.^ The 
mechanism for setting retail prices of petroleum products has been in effect since 
1983, and is known as the Automated Price Mechanism (APM). There are three 
steps involved in arriving at the ‘right price’. First, the government will determine 
a long-run retail price level based on market conditions. The second step is 
to estimate the total costs (product cost, transportation cost, marketing cost 
and dealers commission) and the final step is to calculate the appropriate profit 
margin for the companies involved. By adding all these figures, and the sales tax 
that would have been imposed, the actual price is derived. The formula used in 
determining the retail or pump price is as follows:
Petroleum Products costs -F Operational Costs
4- Margin for Distributors 4- Commission for owners of petrol station
4- Sales tax - Subsidies =  Retail Price
The government uses two levels of subsidies; by exempting sales tax and by 
direct subsidy. Direct subsidy works as a balancing item. If the actual costs 
turn out to be lower than that of the long-run price level as determined by the 
government, a tax will be imposed. If the actual cost is higher than the pre­
determined price, oil companies will be given a tax exemption and subsidy. Sales 
tax exemptions for diesel began in October 1999 and for motor petrol in June 
2004. Table 6.1 shows the amount of subsidies and foregone taxes as of 2005. 
Although there was no published figure on the value of petroleum subsidies for 
2000, using the available information and using data from the energy balance 
table, petroleum subsidies inclusive of foregone sales tax is estimated to be in a 
region of RM4.5 billion. This represents about 1.6% of the GDP.
3www.neac.gov.my
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P roducts Full price
Sales Tax 
Forgone Subsidy
R etail P rice 
(Subsidised)
Peninsula Malaysia 
Petrol (sen/litre) 244.82 58.62 24.20 162.00
Diesel (sen/litre) 206.87 19.64 59.13 128.10
LPG (sen/kg) 238.92 - 93.92 145.00
Sabah
Petrol (sen/litre) 244.26 58.62 25.64 160.00
Diesel (sen/litre) 206.31 19.64 58.27 128.40
LPG (sen/kg) 253.32 - 100.32 153.00
Sarawak
Petrol (sen/litre) 243.41 58.62 23.79 161.00
Diesel (sen/litre) 205.46 19.64 58.02 127.80
LPG (sen/kg) 252.48 - 99.48 153.00
Table 6.1: Subsidy in petroleum products, 2005 
source: National Economic Action Council
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There are four simulations which would reflect the manner in which the saving 
from subsidies is recycled (all are equal yield). Table 6.2 shows the alterna­
tive closure rules for each simulation. SlMl refers to Simulation 1 where only 
government spending is variable in the government account. Both government 
savings and government revenue (through direct tax) components in the public 
sector account are fixed. Private sector savings as well as foreign savings in the 
savings-investment account are assumed fixed. In S1M2 or Simulation 2, both 
government spending and government savings are fixed leaving direct tax to vary 
to close any imbalances in the public sector account. Private sector savings and 
foreign savings are also fixed. In SIM3 or Simulation 3, government savings are 
flexible (direct tax rates are fixed). Since the foreign and private savings are fixed, 
government savings determine the level of public investment. Finally, in SIM4 
or Simulation 4, government savings vary in the government account (direct tax 
rates and government spending are fixed). As foreign savings are made variable 
in this simulation, any change in government savings will be absorbed by foreign 
savings, leaving domestic investment unchanged. In all simulations, a subsidy 
equivalent to RM4.5 billion is withdrawn. This is in the form of direct subsidy 
and sales tax exemption as discussed above. The amount is considered to be a 
reasonable representative figure for the petroleum subsidies in 2000.
SIMl SIM2 SIM3 SIM4
Government constraints 
GOV 
GSAV 
DTAX
Flexible
Fixed
Fixed
Fixed
Fixed
Flexible
Fixed
Flexible
Fixed
Fixed
Flexible
Fixed
S-I constraints 
Domestic savings 
Foreign
Fixed
Fixed
Fixed
Fixed
Flexible
Fixed
Fixed
Flexible
Exchange rate 
PFX Flexible Flexible Flexible Flexible
Table 6.2: Macroeconomic closures
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6.3.1 Sim ulation 1: increase in public spending
The immediate effect of petroleum subsidy withdrawal is an increase in domestic 
price of petroleum products, which eventually causes an increase in the general 
price level and a fall in aggregate output. At the same time, the withdrawal 
results in additional resources available to the government which could be recycled 
back to the economy through various means. In a Keynesian aggregate demand 
model, government spending is exogenous. If the savings are recycled via public 
spending, the aggregate demand curve will shift upwards, and raise the aggregate 
output and the price level. The net effect of petroleum subsidy withdrawal on 
real output depends on the magnitude of the downwards and upwards shift in 
the aggregate demand.
Table 6.3 summarises the impact of subsidy withdrawal on key macroeconomic 
variables. The net effect of subsidy withdrawal is a contraction in the economy. A 
real GDP falls by about 1% from the base year level. The only high positive real 
growth is the government spending which increases by 13%. Private consump­
tion falls by 3% in response to higher commodity prices. Following Rutherford 
(2006), consumer’s inflation is measured as a change in household expenditure 
over the same basket of goods from the base year. This is shown as a Consumer 
Price Index (CPI) in Table 6.3. The model result shows that for Simulation 1, 
the overall consumer price level increases by about 5%. Unemployment rate is 
negatively related to real wage. In this simulation, real wage increases by about 
1% which lowers the unemployment rate by 1%. Changes in demand for labour in 
production sector create differences in real wage between rural and urban labour 
which increases migration rate from rural to urban area by 0.9%.
Total exports increase by 0.6% to RM387 billion (nominal). The prime mover 
is the machinery, radio, television and communication equipment sector which 
grow by 8%. This sector accounts for more than 50% of total exports in the base 
year. As domestic goods are more expensive relative to imported goods, there is 
a surge in import demand on most commodities, except in services and primary 
agriculture products, like rubber and cocoa. In total, real imports grow by 1.6% 
causing a trade deflcit in the current account. This lowers the base year trade
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surplus. With foreign investment remained fixed, a decrease in trade surplus 
causes the nominal price of foreign exchange to rise (or RM to depreciate).
In the production sector, producers respond to high cost of petroleum by shift­
ing to non-petroleum inputs. Nevertheless, output of most sectors fall. Table 6.4 
to Table 6.6 show the effect on production for a disaggregated sector. The out­
put of petroleum products reduces by 20% whereas other productions generally 
decreases except in services and manufactures of electronic and machinery prod­
ucts. A withdrawal of petroleum subsidies can have a serious impact on some 
sectors, such as the preserved fruits and vegetables sector, the preserved seafood 
sector and the leather products industry. The simulation result shows that the 
preserved fruits and vegetable sector could potentially cease production, whilst 
the productions of leather products and the preserved seafood fall by more than 
20%. These sectors are too dependent on petroleum products, possibly for heat­
ing purposes. In the fruit preservation sector, petroleum products consist of 45% 
of total input cost and in seafood preservation, it is about 12% . The leather 
product industry on the other hand has a lesser energy input but a larger portion 
of capital cost (about 12% of total input cost). It also depends largely on plastic 
materials, which have gone up in price by about 6%. Other sectors that depend 
on large amount of petroleum products include fishing, metal ore mining, manu­
facture of tobacco, and of course, transport. The transport sector consumed 61% 
of the total petroleum products in 2000. An increase in petroleum price reduces 
transport sector output by about 13% and petroleum products by 11%. Produc­
tion from the fishing sector drops by 8%, metal ore mining by 12%, and tobacco 
by 12%, owing to the higher price of diesel. Apart from these sectors, there are 
other sectors that are badly affected even though their share of fuel cost is not as 
significant as in the sectors highlighted above. The sectors that experience a large 
decrease are oil palm estates (12%), the manufacturing of oils and fats (13%), the 
manufacturing of yarns and clothing (10%), the manufacturing of plastics (11%), 
the manufacturing of industrial chemical (16%) and rubber products (12%).
Not all sectors are decreasing their production. The meat and meat products 
sector increased its production by about 29%. The share of energy cost in this 
sector is just about 1% of its production cost. The majority (42%) of total input 
costs came from livestock sector which, as shown in the Table 6.4, is hardly
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affected by subsidy reduction. Major export sectors such as manufacturing of 
radios, televisions and their components, as well as household machinery such 
as air-conditioning, refrigerating and ventilating machinery, show an increase in 
production. The public sector outputs unsurprisingly increase as well.
The impact of subsidy removal on households is measured by a change in wel­
fare (Equivalent Variation). As one would expect, increase in price level results in 
welfare decreasing as shown in Figure 6.1 and 6.2. The welfare of both urban and 
rural households decreases by 3.5% and 1.6% respectively. For both household 
types, the decrease is mainly driven by falling profit (capital) incomes.
6.3.2 Sim ulation 2: a reduction o f direct tax  rates
A reduction in direct tax rates generates additional ‘income’ which private do­
mestic institutions can either save or spend. The economic expansion due to 
a reduction in direct tax rates depends on the value of the multiplier.^ It is 
expected that the increase in aggregate demand through an increase in private 
consumption will be greater than in Simulation 1.
In Simulation 2, the ‘proceeds’ from the saved subsidy is used to offset the base 
year direct tax rates for both households and enterprises. All savings (domestic 
and foreign) are kept fixed, leaving the investment to vary and close the savings- 
investment gap (Equation 5.55). As the government savings are fixed, direct tax 
rates adjust to close the government account, as per Equation 5.47 and Equation 
5.54. Equation 5.55 suggests that if all savings are fixed, investment is savings 
driven.^ In MPSGE, this is done using an auxiliary variable to act as either a 
price-adjustment or quantity-adjustment instrument. Using this variable (called 
dtax), direct tax rates can be modelled as endogenous.
Contrary to Simulation 1, economic growth is almost unaffected. A notable 
difference is that the government spending is now reduced to its base year level. 
An increase in petroleum price has chain reaction effects on the price of other 
goods and services, which eventually affects domestic demand. Increase in the
^Defines here as 1/(1 — M P C )  where M F C  is the Marginal Propensity to Consume 
^Domestic Savings +  Foreign Savings =  Investment
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price level contributes to a reduction in consumer spending. However, as addi­
tional saving is used to reduce direct tax rates for both households and enterprises, 
it has outweighed the negative effect of price increase. In this case, the direct 
tax rates reduce by about 21% to restore the government constraint (all savings 
from subsidy are fully utilised). As in Table 6.3, this has positive effect on real 
private consumption which shows a slight increase (1%). Financing direct tax 
reduction rises the unemployment rate and lowers the inflation rate when com­
pared to Simulation 1. Unemployment rate increases by about 2.5% from the 
base year whereas inflation index increases only by 0.1%. Both exports and im­
ports increase by about 6.5% and 7.6% respectively. The net effect is an increase 
in (nominal) trade surplus which strengthen the Ringgit.
On sectoral basis, there are mixed effects on production level. For example, 
production of livestock decreases in Simulation 1 but increases in Simulation 2. 
Similarly in business service sector, output declines by 4% in Simulation 1 but 
increases by 1.7% in Simulation 2. Entertainment and recreational sectors are 
experiencing a similar effect. Some sectors for example decreases further than 
in Simulation 1. Industrial chemical sector which contract by 16% in Simulation 
1, decreases by a further 3%. Similar effect is found in the petroleum sector. 
The output of preserved fruits and vegetables sector decreases by a further 9%. 
Additional ‘income’ due to direct tax reduction causes positive growth on com­
munication, financial services and insurance.
With a burden of direct tax reduced, the welfare of both household types 
improves. Figure 6.1 and 6.2 show decomposition of welfare effect on households. 
Although falling labour and capital income have greater negative impact on wel­
fare, the reduction in direct tax carries far greater welfare improvement. Their 
net welfare effect in this simulation is positive.
6.3.3 Sim ulation 3: an increase in public investm ent
Public investment is also exogenous in Keynesian’s aggregate demand. The fi­
nal effect on aggregate output and the price level will therefore depends on the 
magnitude of upwards and downwards shifts in aggregate demand curve. A prior
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expectation is that the aggregate output will decrease as in Simulation 1. How­
ever, the effect on aggregate output will be smaller than in Simulation 1, as public 
investment generates incomes which in turn drives up private consumption.
In Simulation 3, the savings are used for financing public investment. As in 
Equation 5.55, if foreign saving is fixed, then domestic investment will be sub­
jected to the movement of domestic savings (household savings (HSAV)  and 
government saving (GSAV)). Prom Equation 5.47 and Equation 5.54, if direct 
tax rates and government spending are assumed to be fixed, the additional funds 
from subsidy reduction will increase the government savings. Therefore, govern­
ment savings are variable to balance the savings-investment constraint. Since 
both private and foreign savings are fixed, this in turn raises domestic (public) 
investment. Again, an additional auxiliary variable (called gsav is incorporated 
in the model to endogenise the government savings.
This policy (financing public investment) leads to an increase in domestic 
(public) investment by 5%. However, without tax reduction as in Simulation 2, 
private consumption falls by 2% (3% in Simulation 1). Both exports and imports 
increase by 4% and 6% respectively although it still decreases the trade surplus 
and raises the exchange rate. The net effect is a fall in Real GDP by 0.3%. This 
simulation rises both inflation index and unemployment rate by about 3%.
The pattern in production is quite similar to Simulation 1 and 2 excepts in 
sectors that involve in producing investment goods. The building and construc­
tion sector grows by 5%, as well as in other supporting sectors such as iron and 
steel, non-ferrous metal, other fabricated metal and fixtures and structural metal 
products. The motor vehicle sector also shows a higher positive growth compared 
to the previous simulations.
Without a reduction in direct tax, the welfare of both household types are 
negative. The welfare of rural households decreases due to falling labour income, 
whereas the welfare of urban households decreases due to falling capital income. 
There is a shift in the burden of welfare reduction from urban households to rural 
households compared to Simulation 1.
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6.3.4 Sim ulation 4: foreign debt repaym ent
Increasing foreign investment (or repayment of foreign debt) does not change 
aggregate demand directly. Rather, such a large outflow of Ringgit would have 
caused the Ringgit to depreciate. Cheaper Ringgit would boost exports and the 
Balance of Trade (BOT).
In Simulation 4, direct tax rates and government spending are all assumed 
fixed so that government savings are variable. In the savings-investment ac­
count, domestic savings are assumed fixed so that foreign savings vary to close 
the savings-investment account. This essentially means that foreign investment 
will increase (or increase in net worth through, for example, foreign debt re­
payment). An auxiliary variable fsav  is added as an instrument to close the 
savings-investment gap.
As predicted, this simulation has a bigger impact on the trade balance. When 
international payment is made, local currency is sold to buy foreign currency, 
resulting in local currency depreciation. This encourages exports where exports 
rise by 6%. Imports also increase by almost similar percentage due to Armington 
substitution. The net effect on the BOT is an increase in trade surplus. This 
partially offsets the contraction of the economy causes by subsidy removal. The 
effect on real aggregate output is a fall of 0.4%, sliding a little more than in Sim­
ulation 3. In the production sector, the effect is somewhat similar to the other 
simulations except in few sectors. Production of primary export sectors like the 
manufacturing of household machinery, radio and television, and communication 
equipment increase the most compared to all other simulations. The impact on 
households welfare is more or less similar to Simulation 3. Households experi­
encing a decrease in welfare by 1.8% for urban households and by 2.6% for rural 
households. This suggests that households are generally worse off (at least in the 
short run) when when investment policy is pursued, be it a domestic investment 
or a foreign investment.
141
6.3 M odel Sim ulations
Macro Indicator (Real)
BASE DATA 
(RM Million) SIMl SIM2 SIM3 SIM4
GDP 340 -1.0 0.1 -0.3 -0.4
Consumption 164 -3.0 1.0 -1.9 -2.0
Investment 82 -0.8 -1.1 5.2 0.0
Exports 385 0.6 6.5 4.4 5.7
Imports 328 1.6 7.6 5.7 6.0
Government 37 13.4 -1.1 -1.3 -1.4
Total HHD income 230.7 2.6 -0.9 0.1 0.0
Unemployment (in percentage) 3.1% -1.0 2.5 2.6 2.7
Migration (in percentage) 11% 0.9 3.0 4.0 3.7
CPI (index) 1 5.3 0.1 3.0 2.8
Nominal PFX (index) 1 1.04 0.99 1.02 1.02
Auxiliary Variables 
dtax 1 0.0 -21.1 0.0 0.0
gsav 1 0.0 0.0 10.8 10.4
fsav 1 0.0 0.0 0.0 19.5
Welfare
Urban 1 -3.5 1.3 -1.7 -1.8
Rural 1 -1.6 0.1 -2.6 -2.6
Real wage 
Urban 1 1.1 -2.4 -2.5 -2.7
Rural 1 1.1 -2.4 -2.6 -2.7
Table 6.3: Subsidy removal: effects on macro-economy
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Sector Code
SIMl SIM2 SIM3 SIM4
(% change from base)
Agricultural products other aoth -2.8 -1.4 -3.3 -3.5
Rubber primary products rubb -4.7 -4.6 -3.8 -4.3
Oil Palm primary products opal -11.5 -11.3 -11.8 -12.2
Coconut coco -7.6 -6.3 -6.9 -7.3
Tea tea -10.8 -6.0 -7.0 -7.6
Livestock etc. live -1.0 1.6 0.4 -0.3
Forestry and logging products fore -4.7 -4.2 -3.1 -3.5
Fish etc. fish -8.4 -6.0 -7.9 -8.0
Crude petrol crud -11.6 -15.8 -15.0 -16.0
Metal ore metl -11.6 -6.1 -5.0 -5.1
Stone, clay and sand quarrying ston -3.5 -4.4 -1.4 -3.8
Meat and meat products meat 28.6 35.7 32.0 31.8
Dairy products dair 1.4 3.5 1.5 1.4
Preserved fruits and vegetables pfru -86.8 -96.2 -96.0 -95.6
Preserved seafood psea -25.9 -27.2 -27.0 -26.9
Oils and fats ofat -12.7 -12.6 -14.0 -13.5
Grain mill products grai -2.9 -1.4 -2.5 -2.8
Bakery products bake -1.3 0.5 -1.6 -1.5
Confectionery conf -7.7 -5.3 -6.4 -6.4
Ice ice -5.8 -2.5 -4.5 -4.6
Other foods otfd -0.3 -0.3 -0.9 -1.1
Animal feeds anfd -0.7 0.3 -0.9 -1.3
Wine and spirits wine -3.4 -1.0 -2.8 -2.8
Soft drinks sdri 3.3 5.9 3.5 3.3
Tobacco toba -11.8 -8.8 -10.8 -10.9
Yarns and cloth yarn -10.0 -10.0 -9.9 -10.1
Knitted fabrics kfab 1.4 3.1 1.6 1.4
Other textiles otex 0.4 1.7 0.1 -0.3
Wearing apparel wear -4.6 -2.6 -3.4 -3.5
Leather products leat -28.3 -25.1 -25.2 -25.7
Footwear fwer -7.6 -4.7 -4.0 -5.3
Sawmill products smil -3.5 -2.4 -0.6 -1.3
Other wood products owod -1.0 0.9 1.1 0.7
Table 6.4: Subsidy removal: effects on production (1) 
source: model results
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SIMl SIM2 SIM3 SIM4
Sector Code (% change from base)
Furniture furn -11.6 -7.7 -6.4 -6.6
Paper and board pape -6.0 -4.7 -4.5 -4.6
Printed products prin -2.3 -0.5 -0.6 -1.4
Industrial chemicals inch -15.6 -18.4 -17.2 -16.9
Paints and lacquers pain -6.4 -6.1 -5.2 -5.8
Drugs and medicines drug -6.7 -4.9 -5.4 -5.4
Soap and cleaning preparations soap -4.7 -2.3 -3.4 -3.8
Other chemical products otch -6.6 -8.1 -7.6 -7.4
Petrol and coal products petr -19.2 -22.5 -21.9 -22.2
Processed Rubber and Rubber products rubp -11.5 -10.7 -10.2 -10.4
Plastic products plas -10.5 -9.4 -9.4 -9.4
China, glass and pottery chin -4.9 -5.6 -3.4 -5.3
Clay products clay 0.5 0.3 3.0 1.7
Cement, lime and plaster ceme -4.2 -4.5 -1.0 -3.5
Other non-metal products otnm -2.4 -2.9 1.4 -2.0
Iron and steel iron -2.8 -3.0 0.7 -1.1
Non-ferrous metal nfer 0.1 -0.2 2.1 3.0
Other fabricated metal and fixtures fabm 3.3 3.5 4.3 5.2
Structural metal products stmt 1.5 2.6 5.1 3.9
Other metal products omtl -7.2 -6.6 -4.3 -5.6
Machinery, Radio, TV and com. equipment radi 18.5 19.5 20.6 23.3
Elect, appliances and houseware eapp -7.7 -8.0 -12.2 -12.0
Other electrical machinery emac 7.9 9.9 11.8 12.5
Ships and boats ship -2.4 -3.1 -1.0 -2.9
Motor vehicles moto -1.1 0.7 2.3 -0.2
Cycles and motorcycles cycl -3.9 -1.5 -0.2 -1.3
Other manufacturing omfg -7.3 -3.1 0.5 -2.3
Electricity and gas elec -0.6 -3.4 -1.9 -2.1
Water wate -3.1 -2.5 -2.5 -2.8
Buildings and constructions buil -0.4 -0.3 5.3 0.7
Wholesale and retail trade whol 4.6 6.5 6.4 6.9
Table 6.5: Subsidy removal: effects on production (2) 
source: model results
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Sector Code
SIMl SIM2 SIM3 SIM4
(% change from base)
Hotels and restaurants hote -2.7 0.2 -1.4 -1.5
Transport tran -12.9 -9.7 -10.1 -10.0
Communication comm -0.7 1.6 0.4 0.3
Banking services bank 2.3 4.1 4.1 4.2
Other financial services ofin -1.1 2.8 1.0 1.0
Insurance ins -1.7 0.2 -0.9 -1.2
Real estate rest 4.4 6.9 5.3 4.9
Ownership of dwellings dwel 0.0 3.5 0.3 0.1
Business services buss -3.9 1.7 2.4 2.4
Education - Private edpv 0.0 -1.0 -2.3 -2.6
Education - Public edpl 11.1 0.4 0.2 0.2
Health - Private hlpv -2.1 1.5 -1.1 -1.2
Health - Public hlpl 11.0 0.2 -0.1 -0.1
Private non-profit services ngo 1.8 2.1 0.5 0.4
Entertainment ent 2.3 0.5 -0.2 -0.5
Radio and TV broadcasting tvbr -4.9 1.2 -2.3 -2.2
Recreation recr -2.7 1.5 -1.3 -1.4
Repair motor vehicles repm -1.3 -1.1 -1.9 -2.2
Other repair orep 4.8 0.1 -1.9 -1.9
Recycle products rcyc 4.3 -19.1 2.4 0.2
Other private services oser -0.1 1.1 -0.8 -0.9
Public administration padm 12.6 0.0 0.0 0.0
Public order pord 13.0 0.0 0.0 0.0
Defence defe 13.0 0.0 0.0 0.0
Other public administration opad 11.0 0.0 -0.1 -0.1
Table 6.6: Subsidy removal: effects on production (3) 
source: model results
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Figure 6.1: Subsidy withdrawal: welfare effect (urban) 
source: Model results
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6.4 Sensitivity Analysis
The model results above are based on a set of assumptions about the elasticity 
of substitutions. To test the robustness of the model, these elasticities are varied 
by halving and doubling the elasticity values, and changes in model results are 
investigated. Figure 6.3 shows the changes in real GDP reduction in Simulation 
1 when each of these elasticities are varied from a low value (half of the default 
value) to a high value (double the default value). The real GDP reduction is 
found to be quite insensitive to the value of the elasticity of substitution except 
for Armington elasticity (between domestic goods and imports). From Figure 6.3 
below, when Armington elasticity is doubled (increase from 5 to 10), real GDP 
increases by an additional 0.6%. Similarly, if the value of elasticity of substitution 
is halved, real GDP will decrease by an additional 0.3%.
Other than in the Armington case, the variation in welfare is also found to 
be moderate. For urban households, welfare could decrease by only 2% when 
Armington elasticity is twice the value of the default elasticity, and could decrease 
by 4% if the Armington elasticity is halved. For rural households, apart from 
Armington elasticity, the result of welfare changes slightly when the values of 
elasticity of substitution for composite energy-capital and labour (ekl) and top 
level elasticity (esub) vary. For rural households, their welfare could improve by 
an additional 0.3% if the Armington elasticity is halved. The opposing effect 
of Armington elasticity on households is presumably due to a bigger share of 
imported goods purchased by urban households. When the price of domestic 
goods rise, they are better off with relatively cheaper imported goods. In the 
case of elasticity of substitution between composite energy-capital and labour 
(ekl), welfare could improve by 0.2% when ekl is halved.
A higher variation is found in the sectoral output especially in the electricity 
sector. Analysis of only selected outputs is presented here. In almost all sectors, 
output is sensitive to Armington elasticity. Figure 6.5(a) shows a variation in 
petroleum sector. Apart from Armington elasticity, the output of the petroleum 
sector is also sensitive to the variation in composite capital energy-labour elas­
ticity when its value is doubled. The default value used was 0.846. Doubling
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Figure 6.3: Sensitivity Analysis-Real GDP 
sigma =  Armington elasticity, eta =  elasticity of transformation, esub =  top level production 
elasticity, ekl =  elasticity of substitution between composite capital-energy and labour, elpet 
=  elasticity of substitution between electricity and petroleum products, ek =  elasticity of 
substitution between capital and energy
this elasticity means a larger change in quantity of capital-energy composite de­
manded when there is a change in relative price of labour to the price of composite 
energy-capital.
In Figure 6.5(b), variation in oil palm and transport sectors are mainly caused 
by Armington elasticity. However, the default value of this elasticity is 5, which 
already very elastic. Doubling the value of this elasticity value may seem im­
plausible and may not be empirically supported. In Figure 6.6(a), electricity 
production is shown to be very sensitive to almost all production elasticities. 
The production of electricity could instead increase to 1.7% if the value of elas­
ticity of substitution between electricity and petroleum (elpet) increases from 0.3 
to 0.6. The output could decrease by a further 3% if the elasticity of substitution 
between energy and capital (ek) is doubled.
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Figure 6.4: Sensitivity Analysis-Welfare
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Figure 6.5: Sensitivity Analysis-Outputs (1)
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6.5 Summary and Conclusion
In this chapter, a CGE model for Malaysia was‘presented using a data set from the 
year 2000. The model was applied to analyse the effect of recycling savings from 
petroleum subsidies into public consumption, reduction of direct tax, increase 
in public investment and increase in foreign investment. Although removing 
petroleum subsidies may seem to be justified, the results suggest that the effect 
of a full and complete removal petroleum subsidies is contractionary in all cases 
except for reduction in direct tax rates. This is because of the multiplying effect 
provided by inter-linkages between microeconomic and macroeconomic principles 
in the general equilibrium model.
Subsidy reduction provides extra revenue to the government. However, how 
these revenues are recycled back to the economy does make a lot of different to 
the economy and the welfare. Using the analysis from all simulations, this chapter 
concludes that:
1. Removing petroleum subsidy equivalent to 1.6% of GDP not followed by a 
policy to ease income could reduce real GDP between 0.3% and 1% (Sim­
ulation 1, 3 and 4). Clements et al. (2007) investigate a petroleum subsidy 
reduction in Indonesia. Their results show that a reduction in subsidies of 
about 1% of GDP would reduce real output by roughly 2%. When compared 
to their findings, the impact on real output to the Malaysian economy is 
considered far less if the same percentage of subsidy is reduced, suggesting 
that the economy is more resilient to shock.
2. Impact on inflation could also be mitigated by an appropriate recycling 
policy. In Simulation 1, the inflation index could be as high as 5% but this 
could be reduced to 0.1, as in Simulation 2.
3. Existing petroleum subsidies seem to benefit urban households more. This 
is seen in welfare analysis, where the welfare from consumption by urban 
households decreases in all simulations when this subsidy is taken away 
from them.
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4. The withdrawal of petroleum subsidies has a greater impact on the welfare 
of both household types when savings are not used to offset the burden of 
direct tax. When a direct tax rates reduction is offered, both household 
types have far better welfare effects.
5. Judging from macroeconomic and welfare indicators, a policy of recycling 
through a reduction in direct tax rates is favourable. Pursuing an invest­
ment policy, such as in either Simulation 3 or Simulation 4, leaves rural 
households in far worse situation than they were in other simulations. This 
may increase poverty rate among the rural households.
Sensitivity analysis suggests that the results are sensitive to the Armington 
elasticity value. Although doubling the value may seem implausible, the results 
are still equally sensitive when the value is halved. Halving and doubling the 
other key parameters of the model do not change the model results significantly. 
This calls for an empirical work on this area to determine the ‘right’ value of 
elasticity such as Armington elasticity for each sector. Given this limitation, the 
results can be generally considered to be relatively robust.
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Chapter 7 
M odelling Energy and the  
Environment
7.1 Introduction
Energy and the environment are becoming very important aspects in any econ­
omy, as there are direct links between the energy consumption and the release 
of greenhouse gas into the atmosphere. Malaysia, as a Kyoto Protocol signa­
tory, has a responsibility to curtail greenhouse gas emissions. While there are 
combination of approaches and tools available to slow down the emission trend, 
Malaysia centres its plan on three areas; promoting new and renewable energy 
(RE), using energy more efficiently and promoting a Clean Development Mech­
anism (CDM) instrument provided under the protocol for developing countries. 
This chapter will investigate the first and perhaps the most critical and promising 
area in overall emission reduction. In addition, renewable energy can also con­
tribute towards strengthening energy security. Renewable energy is an important 
agenda because Malaysia has abundance resources, such as palm oil (biomass and 
bio-diesel). In 2005, renewable energy was targeted to contribute to about 5% 
of national electricity production or about 500MW of installed capacity (Eighth 
Malaysia Plan). However, it fell short of its target. Part of the reason is the cost 
of providing electricity from renewable energy, which is still higher than conven­
tional technologies such as gas or coal. This makes it very difficult for RE power 
producers to sell their electricity to the central electricity utility. This chapter
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is dedicated to analysing the role of economic instruments, such as subsidy, in 
increasing competitiveness of renewable energy technologies with an ultimate ob­
jective of meeting a specific target share in overall electricity production mix in 
Malaysia.
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The application of a CGE model is not only limited to trade issues, but has also 
successfully been applied to energy issues and the environmental issues. Bhat- 
tacharyya (1996) for instance, surveyed CCE models applied to energy issues. 
Since then there has been a steady increase in new literature, especially from 
those dealing with environmental issues. In Europe, carbon trading is becoming 
a significant market. Judging from the amount of literature analysing the im­
pact of carbon trading on emission reduction, the interest in the carbon-energy- 
environment area is growing rapidly. In addition. Article 3.1 of Kyoto Protocol 
is now fully enforceable, and Annex 1 countries are committed to the emission 
reduction of 5% below their 1990 level by 2012.
Among CCE models that have been developed for this purpose are AMOS- 
ENVI model for the UK, and WIACEM (World Integrated Assessment General 
Equilibrium Model) model. AMOS-ENVI was developed by the Department 
of Economics at the University of Strathclyde. It is a regional dynamic CCE 
model that has been applied to resource productivity (energy efficiency) anal­
ysis for Scotland (Henley et al. 2006) and marine energy (Allan et al. 2006). 
The production structure contains four inputs (capital, labour, energy and ma­
terial). Energy input is further disaggregated into oil, gas, coal, renewable and 
non-renewable electricity. Figure 7.1 below shows the nesting structure of fac­
tor inputs in AMOS-ENVI. Labour and capital inputs are nested together as a 
value added input composite, whereas energy and non-energy inputs are nested 
together under intermediates. Labour is mobile and real wage is inversely related 
to regional unemployment. The model also includes Harris-Todaro type of re­
gional migration. In AMOS-ENVI, emissions are modelled as outputs to sectoral 
activities through fixed emission coefficients.
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Figure 7.1: AMOS-ENVI: Production Structure 
source: Hanley ei al. (2004)
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WIAGEM is a regional inter-temporal CGE model with emphasis on energy 
markets and climate change. The model comprises 25 world regions aggregated 
to 11 trading regions, each with 14 sectors (Kemfert, 2002). Figure 7.2 shows how 
production functions are nested in WIAGEM. Capital, labour and land are nested 
as one composite input, and this composite input is a substitute to a composite 
energy as described by a CES production function. A backstop fuel is a perfect 
substitute for coal, gas and oil and is available in infinite supply.
GasOil
Capital Landbackstop LabourCoalQtl&Gas
Value-added
Capital-L abour-L and
Domestic Production
Figure 7.2: WIAGEM: Production Structure 
source: Kemfert (2002)
The model incorporates three greenhouse gases; carbon dioxide (GO2 ), methane 
(CH4 ) and nitrous oxide (N2 O). Emission cost is included in profit maximisation 
decision though carbon emission allowance and the price of emission permit. Ta­
ble 7.1 shows the elasticity parameters used in the model.
In the United States, Purdue University has developed a Global Trade and 
Protection Model (GTAP), a regional CGE model initially meant for trade an- 
laysis. There are various GTAP sub-models ranging from agricultural, trade, 
energy and the environment. GTAP-E is an energy-environmental version of 
GTAP. It is a multi-sector, multi-region, top-down approach model with a global 
database (Burniaux & Truong, 2002). The model contains a regional database
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Type of elasticity value
Fossil Fuel Supply 
Coal 
Gas 
Oil
Elasticity of Substitution Domestic vs. Imported Goods 
Elasticity of Transformation Exports vs. Domestic Sales 
Interfuel Elasticity of Substitution in Final demand 
Interfuel Elasticity of Substitution in Industry:
Oil/ Gas 
Coal/ Oil/ Gas
Elasticity of Substitution Energy Aggregate vs. Primary Factors KLM
0.5
1.2
0.3
4
8
0.5
2
1
0.5
Table 7.1: Elasticity of substitution in WIAGEM
for 89 countries, 59 commodities and five primary factors. Figure 7.3 below shows 
the representation of nested production structure in GTAP-E as in Burniaux & 
Troung (2002) and Truong et al. (2007). In this model, capital and energy are 
nested together as one composite input. Energy composite is nested further into 
electric and non-electric composite, and coal and a non-coal composite.
Another CGE model developed by the U.S. is the MIT-Emissions Prediction 
and Policy Analysis (MIT-EPPA) model which is used primarily to analyse cli­
mate policies. It is a recursive-dynamic multi-regional CGE with a well disaggre­
gated energy sector (Jacoby et al, 2007). MERGE or Model for Estimating the 
Regional and Global Effects was developed by Manne and Richels from Stanford 
University. MERGE is an inter-temporal computable general equilibrium model 
with perfect foresight. It has 9 regions: U.S.A, Canada, Japan, China, India, 
OPEC member countries, countries of Former Soviet Union, Western Europe, 
and the rest of the world. The energy sector is modelled as top-down electric and 
non-electric energy demands and bottom-up energy supplies. Economic Model 
for Environmental Policy Analysis-Computable General Equilibrium (EMPAX- 
GGE) is a U.S. regional CGE model developed by RTI International (RTI) for 
the Environmental Protection Agencys Office of Air Quality Planning and Stan­
dards (OAQPS). The regional static version of EMPAX-CGE has 40 sectors and
159
7.3 A Hybrid CGE M odel: M 3-EM AS
Natural Resources
•  •  •
*  #  * *  #  *
Gas
Energy
ForeignDomestic
ForeigjiDomestic
Electric
Domestic
Region 1
Intermediates
Land
Coal
Non-electric
Petrdeum
Products
Skilled
V alue-added-Energy
O utput
Figure 7.3: Nesting of Production Function in GTAP-e 
source: Burniaux & Troung (2002),Truong et al. (2007)
41 commodities.
Most of these models are world models, which contain a less detailed repre­
sentation of country-specific energy sectors. In addition, a world regional model 
is more concerned with global issue such as climate change and therefore contains 
less technological detail to model local issues, such as a renewable energy target 
in energy production.
7.3 A Hybrid CGE Model: M 3-EM AS
We have seen from Chapter 3 that energy technology can be implemented using 
a CGE model in a Mixed Complementarity formulation. Bohringer (1998), Frei 
et al. (2003) and Wing (2008) have applied this approach to energy policy anal­
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ysis involving technology choice. Modelling energy and the environment sector 
requires a detailed technology representation of the electricity sector due to its 
variety and large consumption of fuels. In addition, as my focus deals with re­
newable energy technology, electricity production — disaggregated by technology 
— needs to be modelled explicitly. M3-EMAS, an acronym for Energy, Economy 
and the Environmental Model for Malaysia, is essentially the same model as M2- 
TMAS except in few respects. First, all other non-energy sectors are aggregated 
whereas energy sectors are disaggregated by type of fuels. Second, there are 
separate production structures for energy sectors. In a case of electricity produc­
tion, different technologies are used to produce electricity. These technologies are 
differentiated by fossil fuels such as natural gas (combined or open cycle technol­
ogy), coal and oil and by natural resources such as river water (hydro), woods 
(biomass), wind and solar. Finally, the model includes CO2 emissions to reflect 
the environmental consideration of the fuel choice.
7.3.1 P roduction  structure —  non-energy
For all other sectors (except electricity and fossil fuel sectors), the nesting struc­
ture is similar to the M2-TMAS’s. Capital and energy are nested together as one 
composite input, and this composite input is substitutable to labour input. In 
addition to M2-TMAS production structure, a composite energy input is further 
split as shown in Figure 7.4. Fossil fuels are nested together to form a composite 
fossil input. The fossil input and electricity are used to ‘produce’ a composite 
energy using a CES production function given in Equation 7.1.
^ e l fo s , s
° ^e l fo s ,s~ ‘- ° 'e l fo s ,s~
a e i , s E L s  +  (1 -  a e i , s ) F O S s (7.1)
where ELs is the electricity input for sector s, (Jeifos,s is the elasticity of sub­
stitution between electricity and a composite fossil input, and Œei^ s is the share 
parameter. The respective demand functions for electricity and a composite fossil 
are;
EL,  =  (7.2)
161
7.3 A  H ybrid CGE M odel: M 3-EM AS
FOS, = (7.3)
where P E L  is the price of electricity, PFO S  is the price of composite fossil, and 
P E  is the price (unit cost) of a composite good E' given as:
PE, = +  (1 -
^elfos, s
(7.4)
At the bottom of the nesting structure, the composite fossil is produced using 
coal, gas and oil in a 3-input CES production function.
OilCoal Gas
Electricity (EL)
Energy (E)
Labour (L)
Capital (K)
Fossil
Domestic Production {XC)
Energy, Capital (EK)
Intermediate (INTD) Energy, Capital & Labour (EKL)
Figure 7.4: Production Structure of M3-EMAS - Other sectors
7.3.2 P roduction  structure —  energy
For both electricity and fossil fuel sectors, inputs are assumed to be used in a 
fixed proportion (Leontief production functions) as in Figure 7.5. The production 
of electricity is divided by type of technologies that are conventional (fossil) and 
new (renewable). Figure 7.6 describes the production structure of the electricity 
sector in M3-EMAS. The four conventional technologies are gas, coal, oil and
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Capital Fossil ElectricityEnergyIntermediate (INTD)
Domestic Production (XC)
Figure 7.5: Production Structure of M3-EMAS 
Sectors
Electricity and Fossil Fuel
hydro electric. A new, cost disadvantage technology, is renewable energy tech­
nology. As can be seen later in this chapter, palm oil biomass is the most feasible 
source of renewable energy, and this technology has already been used to produce 
electricity in the palm oil mills throughout Malaysia for the mill’s own consump­
tion. At present, this technology is inactive for large scale commercialisation due 
to its cost. All existing and new technologies are described under Leontief tech­
nologies that are active or inactive in equilibrium depending on their profitability 
(Bohringer & Rutherford, 2007). Under each technology used for electricity gen­
eration as shown in Figure 7.5, inputs (capital, labour, materials and fuels) are 
assumed to be demanded in a fixed proportion. Similar specification was adopted 
by Bohringer & Rutherford (2007) in their hybrid model.
CoalHydro Gas Oil
Electricity
New Technology
Renewable
Existing Technology
Figure 7.6: Electricity Production by Technology
The model can be of a short run (fixed capital) or long run (mobile capital). 
In the long run, capital and investment will adjust in a steady state, given as:
{P IN V  = rk) _L K (7.5)
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The scale parameter, K, is complimentary to a steady-state investment equa­
tion above, so when rk  rises relative to P IN V , k, scales up government and 
private investment to reflect the arbitrage condition (Rutherford & Miles, 2001).
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7.4.1 E lectricity P roduction
To model the electricity sector, data from the SAM in the previous chapter will 
have to be further disaggregated by fuel type as used in electricity generation. 
Table 7.2 below shows fuel consumption in power generation as of 2000. Natural 
gas represents 75% of total fuel input in electricity generation, with the remaining 
input made up of hydro (10%), coal (9%) and oil (6%). Fuel from renewable 
sources other than small hydro are very small and negligible.
Fuel
Energy Consumption 
(KTOE) %
Natural Gas 12,110 75
Hydro Power 1,612 10
Coal & Coke 1,495 9
Oil 966 6
Renewable 0 0
Total 16,183 100
Table 7.2: Fuel Inputs in Electricity Production as at 2000 
source: The National Energy Balance
The total value of electricity sales to end users in 2000 was about RM 14 bil­
lion (Table 7.3). This value excludes self generation and own consumption. In 
the NEB, the total electricity generated was 5,263 KTOE and using an average 
price of electricity of RM0.24 per KWh, the total value of electricity consumed (in­
cluding self generation and own consumption) is estimated to be around RM 14.95 
billion. Of this, household consumption of electricity is estimated to be about 
RM2.47 billion. The value of electricity sales are inclusive of taxes and subsidy.
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The electricity tariff is regulated and the utilities are kept solvent through subsidy 
on natural gas price.
TNB SESB SESCO IPP’s* Total
Gas (GWh) 23,223 159 1,249 31,609 56,240
Coal (GWh) 4,038 - - - 4,038
Oil,Diesel & Distillate (GWh) 1,453 414 375 891 3,133
Hydro (GWh) 5,971 491 479 151 7,092
Total Generation (GWh) 34,685 1,064 2,103 32,651 70,503
Sales (RM million) 12,751 474 759 - 13,984
Average Revenue (sen/Kwh) 0.235 0.248 0.264 - -
Consumption (GWh) 
Residential 9,093 643 669 10,405
Table 7.3: Electricity Generation by fuel as at 2000 
source: Statistics of Electricity Supply Industry in Malaysia and the National Energy
Balance
7.4.2 Petroleum , natural gas and coal production
Figure 7.7 shows the percentage of petroleum products that are produced by 
domestic oil refineries. A total of 21,673 KTOE of crude oil and 2,688 KTOE 
of natural gas were used as material input to produce petroleum products. The 
main outputs were diesel (39%), motor petrol (19%) and aviation gas (13%). 
LPG consisted of 4% of total petroleum products produced in 2000.
The consumption of petroleum products is shown in Table 7.4. 374 KTOE 
of diesel and 592 KTOE of fuel oil were used in the electricity production as 
fuel inputs. The transport sector was the biggest user of diesel at about 51%, 
followed by the industrial sector (43%). Almost all motor petrol was consumed 
by the transport sector. In the input-output table 2000, the transport sector 
excludes household expenditure on petroleum products. In the NEB however, 
it includes households consumption on transport fuels. To construct an energy 
SAM and an emission database (see below), households expenditure of transport 
fuels will have to be computed.
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Figure 7.7: Oil refinery Output 
source: The National Energy Balance
M otor
P etro l D iese l
Fuel
Oil LPG
K ero
-sene
A viation
G as
N o n
E nergy
Own use 43
Electricity 374 592
Residential 0 0 0 566 109 0 0
Commercial 0 0 346 377 0 0 0
Industrial 5 3,424 1,525 304 22 0 0
Transport 6,378 4,103 4 0 0 1,574 0
Agriculture 4 100 0 0 0 0 0
Non-Energy Use 0 0 0 115 0 0 622
Table 7.4: Consumption of petroleum products (KTOE) 
source: The National Energy Balance
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Natural Gas Crude Oil Coal
Imports - 7,218 1,943
Electricity 12,110 0 1,495
Own/Loss 14,220 0 0
Refinery - 21,673 -
Residential 4 0 0
Commercial 12.4 0 0
Industrial 2,327 991 991
Transport 7.3 0 0
Agriculture 0 0 0
Non-Energy Use 1,512.4 0 0
Stock - 153 -142
Exports 1,198 17,254 19
Table 7.5: Consumption of natural gas and coal (KTOE) 
source: The National Energy Balance
52,432 KTOE of natural gas were produced in 2000. Of this, 23,405 KTOE 
were compressed into LNG and exported. Table 7.5 shows that 14,220 KTOE 
were used for flaring and own consumption in gas processing plants. Some were 
lost during conversion to LNG. Malaysia also exports its natural gas to Singapore 
via a pipeline.^ Small amount of coal were mined locally. To meet the demand 
for coal in the power sector in 2000, 1,943 KTOE of coal were imported.
The petroleum sector receives its main material input from the crude oil sec­
tor. In the NEB, petroleum consumption in the transport sector consists of 
consumption from households as well as from industry. As household is sepa­
rately represented in the model, there is a need to isolate petroleum consumption 
by the household from the industry. Prom the input output table, households’ 
consumption of petroleum products was RM10.6 billion. Only LPG and kerosene 
are recorded in the NEB as households consumption. Therefore, it is assumed 
that the other major petroleum product consumed by the household in 2000 was
 ^Since 2003, Malaysia also imports natural gas from Indonesia.
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motor petrol.
7.4.3 Energy SAM
Contrary to the previous chapter, the model to be developed here is a sector focus 
CGE model, i.e an electricity generation sector. Since the main fuel inputs in the 
electricity sector are from conventional fossil fuels such as natural gas, petroleum 
and coal, and from renewable sources such as biomass and solar, sectors by type 
of fuels are required in order to evaluate the fuel substitution effect. The SAM 
will consist of four energy sectors (gas, coal, petroleum and electricity), one aggre­
gated sector representing all other sectors including crude oil, one representative 
households, the government, the rest of the world, savings-investment, capital 
and labour inputs and tax instruments.
The construction of energy SAM begins by constructing a flow of energy across 
sectors in units (KTOE). Primary data source comes from the National Energy 
Balance (NEB) which was prepared by Pusat Tenaga Malaysia for the Ministry of 
Energy, Water and Communication of Malaysia. Figures are reported in quantity 
(KTOE). A summary of the energy used by the energy sector is shown in Table 
7.6. Diesel and fuel oil used for electricity production as of 2000 were 374 KTOE 
and 592 KTOE respectively. In Table 7.6, they are aggregated as Petroleum (966 
KTOE).
Electricity
Production
Natural Gas 
Production
Petroleum
Production
Natural Gas 12,110.00 14,220 0
Coal 1,495.00 0 0
Petroleum 966.00 0 43
Table 7.6: Energy used in energy sectors in 2000 (KTOE) 
source: The National Energy Balance
The next step is to assign value to these energy inputs. As quantity is known, 
price is therefore required to compute the value. There is no dedicated database 
for energy prices in Malaysia, therefore energy/fuel prices were obtained from 
various sources. Prices of crude oil and LNG, for example, were based on their
168
7.4 D ata
export values in 2000 divided by their volumes (Table 3.3, Statistical Appendix, 
the Ministry of Finance). Natural gas price for the power generation sector was 
obtained from regulated price which was fixed at RM6.40 per million British 
Thermal Unit (mmBTU) for the period May 1997 to December 2000 (Eighth 
Malaysia Plan). For a non-power sector, the gas price was derived from the 
average price of competing fuels and pegged to the Medium Fuel Oil (MFC) 
price index. For small industrial, commercial and residential customers using less 
than two mmscfd, the price was based on a regulated tariff (Eighth Malaysia Plan, 
page 313). Fuel oil price is approximated based on an average spot price of MFC 
in 2000. Price of coal is calculated as an average coal price traded globally in 
2000, and converted to Malaysian Ringgit using the average prevailing exchange 
rate as at 2000. Price of diesel is the actual retail price in 2000. The average 
electricity tariff for consumers in Peninsular Malaysia was 23.5 sen/kWh, Sabah 
24.8 sen/kWh and Sarawak 26.4 sen/kWh. Due to differences in regional prices, 
an average figure is used.
Values of capital and labour were obtained from the input-output table. These 
values were apportioned according to their share in the aggregate sector. For ex­
ample, electricity and gas were aggregated in the I-O table with a total demand 
of RM15.45 billion. Of this, the value of electricity (as computed earlier) was 
RM14.95 million (96.8%). The remaining RM0.5 billion (0.32%) is therefore 
allocated to gas distribution sector. Crude oil, natural gas and coal were also ag­
gregated in the 1-0 table. Their share of capital and labour were computed based 
on their weight on domestic production in the NEB. Total domestic production of 
crude, natural gas and coal in 2000 was 83,513 KTOE. Domestic coal production 
in 2000 was very small, accounting for only 0.3% of the total aggregated value, 
whereas crude oil and natural gas were 36.9% and 62.8% respectively. All other 
required information was derived from the earlier SAM. As with the previous 
chapter, the SAM is balanced using a Minimum Cross Entropy method.
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7.4.4 R E data
The average generation cost based on a study by Pusat Tenaga Malaysia (PTM) 
on four palm oil mills in 2000 was about 16.7 sen/KWh. This represents a cost 
disadvantage when compared to fossil based electricity generation cost which 
was about 11.6 sen/KWh (Energy Commission, 2004). As a result, no biomass- 
fuel technology enters the generation in the base year (shadow price equals zero). 
The study by PTM also pointed out that the potential of CO2 equivalent emission 
reduction from a 5MW capacity biomass power generator operating at 8,300 hours 
per year to be around 24,300 tonnes per annum.
7.5 Em ission in M 3-EM AS
One of the justifications for renewable energy technology in electricity production 
is its zero net emission. In order to measure the contribution of renewable energy 
technology towards emission reduction, we must first know the base year level 
of emission. Only CO2 emission is included in the analysis as it is the biggest 
contributor to the overall emission. The Ministry of Science, Technology and 
Environment of Malaysia estimated that greenhouse gases released to the atmo­
sphere in 1996 were 144 million tonnes of CO2 equivalent.^ The report however 
did not contain separate CO2 emission figures from the energy sector.
The IPCC guidelines on CO2 emission calculation using a reference approach 
is available in Chapter 6 of the IPCC Guidelines for National Greenhouse Gas 
Inventories. A reference approach is a top-down approach using a country’s data 
to calculate the emission of CO2 from combustion of mainly fossil fuels (IPCC). 
The equation for estimating CO2 emission is given as:
CO2 Emission =  ^  |^ ( (Apparent consumptiony^g^ • Conversion Factor fuel
allfuels
•Carbon Content) • 10~^) — Excluded Carbon fuel • 44/12^
^Laporan Perangkaan Alam Sekitar Malaysia (Statistical Report on Environment, Malaysia, 
2001)
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where:
CO2 Emission = CO2 emission (Gg CO2 )
Apparent Consumption = Production + imports - exports
= convert fuel to energy unit (Terra Joule) 
= (tonne carbon/Terra Joule
- international bunkers-stock changes 
= feedstock and non-energy use excluded 
from fuel combustion emission (Gg C)
Conversion Factor 
Carbon Content
Excluded carbon
Following the IPCC’s guidelines, only burnt fuels are taken into account. For 
example, in 2000, 7,635 KTOE of natural gas were used in flaring and re-injection, 
6,174 KTOE were lost during conversion to LNG and 441 KTOE were own use. 
All these were consumed, and their emission will be included. On the other hand, 
exported natural gas has no emission value assigned to it, as no consumption has 
taken place. The carbon content for fossil fuels used here are the IPCC’s default 
values as shown in Table 7.8. The unit energy is obtained from the NEB.
Tonne Carbon 
/Terra Joule
Terra Joule 
/Tonne
Tonne CO2 
/Tonne
Sub-Bituminous Coal 26.2 8.37 0.80
Natural Gas 15.3 46.55 2.61
Liquefied Petroleum Gases 17.2 47.31 2^#
Motor Gasoline 18.9 44.80 3.10
Gas/Diesel Oil 20.2 43.33 3.21
Residual Fuel Oil 21.1 40.19 3.11
Table 7.8: CO2 Emission Factor 
source: IPCC
Emissions from hydro and renewable technology are assumed to be zero. In 
the case of fuel from trees (burning biomass or wood chips for electricity), the 
emission level is taken as net emission which is also assumed to be zero. Using 
the above formula, and data from the NEB, CO2 emission is computed. This 
calculation is not calibrated to local plant types, efficiencies and other technical 
aspects for the purpose of simplicity. By using emission factor in Table 7.8 and the 
energy consumption data from the NEB, CO2 emission can be estimated and this
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is shown in Table 7,9. CO2 emission for the energy sector in 2000 is estimated to 
be about 130 million tonnes of which 28% is from the electricity sector. In 2003, 
this has increased to 29%. In 2000, CO2  emission from coal in power stations 
accounted for about 16% of total emissions. In 2003, this has doubled.
oth gas oil ele
House­
holds Total
gas
coal
oil
5.49
3^5
32.93
33.26
0.00
0.00
0.00
0.00
0.14
28.32
5.80
2.99
0.01
0.00
17.20
67.08
9.65
53.25
Total 42.26 33.26 0.14 37.12 17.21 129.98
Table 7.9: CO2 Emission as at 2000 
source: own calculation based on the National Energy Balance data
Figure 7.8 shows the trend of CO2 emission between 1990 to 2003. A sharp 
increase in CO2 emission in particular between 1990 and 2000 was due to a 
rapid economic growth. Although emission level from the electricity sector has 
increased, the overall intensity of CO2 emission, as in Figure 7.9, has actually 
fallen compared to 1990 level. A slight increase recorded in 2003 was due to 
greater utilisation of coal fuel.
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Figure 7.9: Total CO2 Emissions From Combustion 
source: own calculation based on the National Energy Balance data
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7.6 Elasticity of substitution
The values of elasticity used in M3-EMAS model are shown in Table 7.10.
Type of elasticity value
ESUB between energy-capital and labour
ESUB between composite energy and capital
ESUB between composite fossil fuel and electricity
ESUB between fossil fuel inputs
ESUB between Domestic and Imported Goods
Elasticity of Transformation between Exports and Domestic Sales
ESUB between non-energy and energy in Final Demand
ESUB between electricity and fossil fuels composite in Final Demand
ESUB between fossil fuels in Final Demand
0.846
0.653
0.3“
1^
5
5
1
0.3“
fd
Table 7.10: Elasticity of Substitution in M3-EMAS 
ESUB = elasticity of substitution. Source for a, b, c and d is Bohringer & Rutherford
(2007).
7.7 Simulation 5: reduction in a natural gas 
subsidy
7.7.1 N o transfer o f subsidy
The price of natural gas to the power sector has been kept at a capped price of 
RM6.40 per MMBTU. Although this price was due for a revision in 2005, the 
revision has not yet taken place. If the natural gas price rises as a result of 
removing the capped price, gas-powered electricity generators will, in the short 
run, have no choice but to use less natural gas in their electricity production. As 
the capacity of other technologies are limited to their benchmark capacity, this 
may cause shortages in electricity supply. This in turn may increase the electricity 
price. Figure 7.10 shows that in the short run, activity level will remain the same 
as capital is fixed. There is no evidence that removing the natural gas subsidies 
alone would encourage the production of power from renewable energy.
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Figure 7.11: Short Run Effect on Electricity Tariff and Consumer Price Level
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Subsidy Reduction (%)
Figure 7.14: Short Run Effect on Welfare
In the short run, electricity producers would have to increase the price for 
them to remain solvent. The model shows that the price (tariff) increase is about 
1.6% (Figure 7.11) for them to break even. An increase in the electricity price 
will be reflected in the inflation index. Figure 7.11 shows that a complete de­
regulation of natural gas price to power producer would increase the CPI by 2%. 
An increase in CPI also causes real output to decrease. As shown in Figure 
7.12, real output falls by 0.16% if full subsidy is withdrawn. Effect on domestic 
production is shown in Figure 7.13. Production of fossil fuels decreases whereas 
production of other outputs (aggregate) increases slightly. Since CO2 emission 
is correlated to activity level (output), the model suggests that there would be 
a small reduction of about 0.16% of the base year’s CO2 emission level (Figure 
7.12). An increase in the price level and falling real income lead to a lower welfare 
level compared to the base year. Figure 7.14 shows that urban households bear 
the most burden of the price (tariff) increase.
In the longer run however, there is no constraint on capacity. There will be 
enough time to build additional capacity using relatively cheaper fuel technology, 
for example coal, to substitute natural gas technology. Figure 7.15(a) shows the
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Figure 7.15: Long Run Effect on Technology and Prices 
source: Model results
effect on technology choice. The natural gas based production decreases by 45% 
from the benchmark level if the natural gas subsidy is completely removed. In 
replacement, production of electricity based on coal, oil and hydro doubles. Total
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(net) electricity production declines and causes shortage in supply. This raises 
the tariff of up to 25% and contributes to the overall increase in the general price 
level of 3.8% as shown in Figure 7.15(b).
As a result of a higher increase in tariff, the effect on real GDP in the long 
run is larger. With a full withdrawal of natural gas subsidy, real output decreases 
by 1.24%. The effect on CO2 is also larger (9.8%) as a result of lower electricity 
production and decrease real output. Both of these effects are shown in Figure 
7.16(a). In term of welfare, the tariff increase affects urban households the most 
as they have a larger share of electricity expenditure over their total expenditure. 
Their welfare reduces by 2.5% compared to the base level. For rural households 
however, their welfare is much improved in the long run as opposed to the short 
run.
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Figure 7.16: Long Run Effect on Output, Emissions and Welfare
source: Model results
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Malaysia’s capacity expansion for electricity supply has already been outlined 
in the Ninth Malaysia Plan (2005-2010). The share of coal in power generation is 
expected to increase to 36.5% by 2010, whereas the shares of natural gas, oil and 
hydro are expected to decrease to 55.9%, 0.2%, and 5.66% respectively.^ Figure 
7.17 shows the effect on technology choice when these constraints are imposed in 
the model. The result indicates that power from biomass fuel still fail to enter 
even when the capped natural gas price is removed completely. This forms a 
general conclusion that de-regulating natural gas price alone is not enough to 
encourage commercialisation of renewable energy power.
100
Subsidy Reduction {%)
coal hydro biomassgas
Figure 7.17: Long Run Effect on Technology Choice: With Expansion Constraints
^The Ninth Malaysia Plan, page 399
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7.7.2 W ith  transfer o f subsidy
The next step is to find out whether renewable energy power could become com­
petitive if the natural gas subsidies are instead re-directed towards promotion of 
renewable energy. This ‘switch’ would not have any effect on the government 
budget as it represents a mere transfer of subsidies from one sector to another. 
In this simulation, the percentage reduction of natural gas subsidies is exactly 
matched with the percentage increase in renewable energy subsidies. In the short 
run, the model shows that the production of electricity from palm oil biomass 
could be persuaded if all current subsidies to natural gas be channeled to renew­
able energy production (Figure 7.18(a)). It appears that other renewable energy 
technologies such as solar and wind are still inactive as they are still relatively 
more expensive despite the presence of subsidies. With transfer of subsidies, the 
production of palm oil biomass electricity could be well exceed a 2% renewable 
energy portfolio as targeted in the Ninth Malaysia Plan. This additional power 
from renewable energy could also reduce the electricity tariff. This is shown as 
downward movement of the tariff in Figure 7.18(b) (just after 75% of subsidy is 
being transferred). The short run impact on real output, emissions and welfare 
is similar to the impact without transfer of subsidy.
In the long run with flexible technology, the result shows that power from 
biomass fuel enters the electricity market when 50% or more of natural gas subsidy 
is directed towards renewable energy. In Figure 7.19(a), activity level from natural 
gas technology drastically drops as subsidy is phased out and transferred top palm 
oil biomass. At a 50% transfer, activity from palm oil biomass sets in. However, 
palm oil biomass can only supply electricity up to its available potential supply. 
Once this potential is reached, activity level from the natural gas technology 
continues to fall albeit less rapidly.
When activity from the natural gas technology reduces, the supply of elec­
tricity reduces and causes the tariff to increase. This is shown in the Figure 
7.19(b) where tariff increases sharply up to a point where 50% of subsidy is re­
moved /transferred. After this point, power from palm oil biomass adds to the 
supply of electricity causing the rate of increase in tariff to slow down slightly. 
Comparing to the case without transfer of subsidy, the effect on CPI is softer
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Figure 7.18: Short Run Effect on Technology Choice and Prices With Transfer 
of Subsidies
source: Model results
and therefore the reduction in real GDP is smaller as well. Figure 7.20(a) shows 
that real output decreases by 1.13% as opposed to 1.24% without the transfer of
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Figure 7.19: Long Run Effect on Technology and Prices with Transfer of Subsidies
source: Model results
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Figure 7.20: Long Run effect on output, Emissions and Welfare With Transfer of 
Subsidies
source: Model results
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7.8 Simulation 6: Renewable energy target
RE resources that will be promoted in terms of priority are biomass, biogas, 
municipal waste, solar and mini-hydro. Of these, biomass resources, such as oil 
palm and wood residues, as well as rice husks, will be used on a wider basis for 
the purpose of heat and electricity generation (Eighth Malaysia Plan, page 333). 
In 2001, the Ministry of Energy, Water and Communication (previously known as 
the Ministry of Energy, Communication and Multimedia) announced its target of 
achieving 500MW grid-connected RE-powered electricity (equivalent to 5% RE 
portfolio). To enable this, a SREP (Small Renewable Energy Power) programme 
was launched by the Ministry on May 11th 2001 (Pusat Tenaga Malaysia). Under 
the programme, the developer is to negotiate with utility (TNB/ SESB/ SESCO) 
based on ’willing seller and willing buyer’ basis. Under the Budget 2001, biomass- 
based generating companies that apply for incentives by 31 December 2002 will 
be granted exemption of income tax on 70 per cent of the statutory income for five 
years, or a tax allowance of 60 per cent of qualifying capital expenditure incurred 
within five years. The allowance can be utilised to set off up to 70 per cent of 
the statutory income (Eighth Malaysia Plan, page 333). Despite these incentives, 
RE technologies failed to make up the target. This simulation is intended to 
determine, endogenously, the subsidy required to achieve a 2% target for palm 
oil biomass (equivalent to 350 MW).
7.8.1 Sim ulation results
Results are presented for both short and long run. In the short run, the capital 
of the existing technologies is assumed fixed whereas in the long run, capital is 
mobile. In the long run, results are shown for both with and without capacity 
expansion of the Ninth Malaysia Plan.
Figure 7.21 shows the short run effect on the technology choice. Capacity 
expansion of existing technologies is fixed as biomass technology sets in. In the 
long run — and without capacity constraints of the Ninth Malaysia Plan — there 
should be a small reduction in activity level of the existing technology as the 
share of biomass technology is increased (Figure 7.22(a)).
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Figure 7.21: Short Run Effect on Technology Choice
To meet the 2% target, a subsidy of 45.5% of the current tariff is required in 
the short run (Figure 7.23(a)). The level of subsidy depends on how much more 
costly the biomass generated power is to the conventional fossil power. In this 
simulation, the subsidy rate is high because the price of natural gas to power 
producers is lower than the market price. To meet the same target in the long 
run, the subsidy rate reduces to only 10% of the tariff. A general conclusion 
that can be drawn from this simulation is that the cost of promoting RE is 
higher initially until power producers are able to adjust their existing technologies. 
Additional electricity supply in the short run (as biomass sets in) causes the price 
for electricity to fall as in Figure 7.23(b). On the other hand, if capital is mobile, 
increasing RE target causes a displacement of existing technologies, leaving the 
price of electricity more or less unchanged in the long run.
An increase in the amount of subsidies and a change in the electricity price 
will have some effects on welfare. Figure 7.24(a) shows that the net effect for 
both the short run and the long run is positive, i.e the effect from a lower price of 
electricity outweighs the effect of reduced government budget. A fuel substitution 
in the long run also means that a reduction in CO2 emission will be greater in
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Figure 7.22: Long Run Effect on Technology Choice 
source: Model results
the long run than in the short run. This is shown in Figure 7.24(b) where a 2% 
RE portfolio would reduce CO2 emission by 1%.
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7.9 Sensitivity Analysis
As in the previous model, the results above are based on a set of assumptions 
about the elasticity of substitution. Thirteen elasticity values were used in the
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model. Sensitivity of model results (subsidy rate, welfare and emission level) is 
carried out by halving and doubling those values. Figure 7.25 shows the changes 
in subsidy rate (from Simulation 6) when these elasticities are varied. The level 
of subsidy is found to be sensitive to the elasticity of substitution between capital 
and energy (esub2) and between electricity and fossil energy (esubS). When esub2 
is halved, the subsidy rate increases to 46.4% off the current tariff compared to 
45.5% when a default value is used. Similarly, the subsidy rate increases to 47.2% 
when esubS is halved. The variation in subsidy rate is about 2% when esub2 is 
halved and about 3.5% when esubS is halved. The subsidy rate decreases by a 
similar range if the elasticities are doubled. A similar test is conducted for effects 
on welfare and CO2 emission as shown is Figure 7.26(a) and Figure 7.26(b). 
Welfare and emission are also found to be sensitive to esub2 and esubS. Welfare 
effect changes by about 0.15% when the value of elasticity is halved or doubled as 
in Figure 7.26(a). In Figure 7.26(b), emission levels change by only about 0.15% 
when the esub2 is halved and 0.2% when doubled.
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Figure 7.25: Sensitivity Analysis - Subsidy Rate 
Note:
esub =  elasticity of substitution between VA and energy composite, 
esubl =  first level labour-capital energy composite, 
esub2 — second level k-e, 
esub3 =  third level el-nele, 
esub4 =  fourth level between fossil, 
esub5 =  elasticity of substitution between inputs in fossil fuel production, 
esubG =  elasticity of transformation for sector ’others’, 
esub? =  elasticity of transformation for fossil fuel sectors, 
esubS =  Armington elasticity for sector ’others’, 
esub9 =  Armington elasticity for fossil fuel sector, 
esublO =  elasticity of substitution in investment consumption, 
esubl 1 =  top level elasticity of substitution in household consumption, 
esub 12 =  elasticity of substitution between electricity and non-electricity in household
consumption,
esub 13 =  elasticity of substitution between fossil fuel energy in household consumption.
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source: Model results
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7.10 Summary and Conclusion
This chapter has demonstrated the construction of the energy SAM and M3- 
EMAS model incorporating energy technology and the environment. The model 
is programmed using the MPSGE-GAMS formulation. In constructing the SAM, 
various difficulties were encountered due to aggregation of data, and in some 
cases, such as in the coal sector, a lack of data. The energy SAM was nonetheless 
constructed with NEB as the main input by re-distributing the input-output 
matrix from three energy sectors (Crude Oil, Natural Gas and Coal (CNGC), 
Petroleum products (PETR) and Electricity and Gas (EG)) to five sectors (Crude 
Oil and Natural Gas, Coal, Petroleum, Distributed Gas and Electricity).
To enable an impact assessment of energy policy analysis to be carried out, 
the energy sectors were expanded. The production of electricity by the electricity 
sector is modelled using competing fuel technologies with pre-specified elasticity of 
substitutions. The calibrated model parameters are found to replicate benchmark 
equilibrium. This is an important milestone, as a comparison between post-shock 
and benchmark equilibrium would be otherwise invalid.
The M3-EMAS model was used to analyse energy-environment policy and to 
quantify the economic wide impact of such a policy. This being the case, it is 
essential that the model has specific sectors for energy industries. Two model 
simulations were carried out. One was examining the effect of removing the nat­
ural gas subsidy and the other was determining the level of subsidy required to 
achieve a 2% RE portfolio target. Natural gas subsidies, if removed, cause a con­
traction in the economy in the region of 1%. Electricity price rises and the overall 
increase in price level in turn reduce welfare. Removing natural subsidies alone 
fails to make the RE technology competitive enough to be chosen as a substitute 
to conventional technologies. Therefore, RE technologies require cost reduction 
measure such as subsidies to make investment worthwhile. The model suggests 
that 45.5% subsidies oflf the current tariff is required for a 2% RE portfolio in the 
short run. In the long run, the subsidy rate could be reduced to 10%. However, if 
the existing subsidies to natural gas power is re-routed to renewable energy, such 
as biomass, the target could potentially be met irrespective of the time span.
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Chapter 8
Conclusion and Further Research
8.1 Introduction
The objective of this thesis is to quantify the effects of energy policies in Malaysia; 
specifically, a petroleum subsidy reduction strategy to lighten the financial bur­
den of the government and the renewable energy target set forth in the Ninth 
Malaysia Plan. The study employs a Computable General Equilibrium model 
to analyse the impact of these policies on the economy, welfare and the environ­
ment. Two models were developed; the first model is a standard tax and trade 
model following Shoven & Whalley (1972). This model is named M2-TMAS and 
is used to analyse the petroleum subsidy reduction policy. The effects of various 
means of recycling savings from subsidy reduction were presented. The second 
model is the M3-EMAS model. This model is developed for a specific purpose of 
evaluating the electricity industry, in particular, a renewable energy target that 
has been the government agenda since the Eighth Malaysia Plan (2000-2005). 
The main difference between M3-EMAS and M2-TMAS is that the former con­
tains a detailed technological representation that allows bottom-up information 
to be incorporated into a firm’s behavior, and thus enabling renewable energy 
technology to be incorporated into the model. In the benchmark year, this tech­
nology is inactive due to cost disadvantage. The information provided by the 
M3-EMAS model can be used to evaluate the role of natural gas subsidies and 
the RE subsidies in meeting those targets. The model is also distinguished from
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the M2-TMAS model in that the environmental assessment is built-in to allow 
the quantification of the environmental quality.
8.2 Summary of results
The results from M2-TMAS show that petroleum subsidy reduction is contrac­
tionary. In 2000, this subsidy represents about 1.6% of real GDP. Depending on 
the choice of closure, removing this subsidy from the economy would change the 
real GDP in the range of -f-0.1% and -1% from the base year level. The immediate 
effect of a subsidy reduction is the increase in the price of petroleum products. 
This increase then has a chain effect throughout the economy resulting in an 
increase in consumer prices between 0.1% and 5%. The welfare of households, 
measured in Equivalent Variation, is also adversely affected due to rising prices. 
Without advocating other policies, the results show that these adverse effects can 
be mitigated based on how the saved money is recycled back to the economy. The 
model results provide answers to the research questions A-1, A-2, A-3 and A-4. 
When the saving is used to reduce direct tax payments, the welfare of house­
holds is generally better compared to when the saving is used for investment or 
consumption. The final choice of what is the best policy is not always clear cut.
In response to the research question B-1, the outcome from Simulation 5 
suggests that de-regulating natural gas prices alone is not enough to compel elec­
tricity producers to switch from fossil fuel-based technologies to palm oil biomass 
technology. In the short run, capacity is fixed. A complete deregulation of nat­
ural gas prices would cause an increase in electricity tariff of about 23%. In the 
long run however, the result shows that as natural gas gets more expensive, it 
would be displaced by coal technology. This would bring down the cost of pro­
duction and should also bring down the electricity tariff. The economic effects of 
de-regulating natural gas prices are an increase in the electricity tariff, an increase 
in consumer prices, and a decrease in real GDP. As a result, the increase in tariff 
adversely affects the welfare of the households.
What Simulation 5 suggests is that de-regulating the natural gas price to 
the power sector alone may not be enough to persuade palm oil biomass power 
producers to come on stream. An alternative policy is to subsidise the biomass
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power producer directly so that the willing buyer-willing seller price under the 
Renewable Energy Power Purchase Agreement (REPPA) could be matched. This 
brings us to the final research question B-2, which is at what economic cost? The 
result from Simulation 6 shows that RE investors require a subsidy of 45.5% of 
the current tariff if a 2% share in RE is targeted. Subsidising biomass power has 
a small but positive impact on the real GDP, which increases by 0.26%. What 
is more important is that in the long run, a 2% palm oil biomass power could 
potentially reduce CO2 emissions by about 1%.
8.3 Policy im plications
From the policy point of view, there seems to be a trade-off between efficiency 
(price of petroleum products) and economic growth. When petroleum price rises, 
national output decreases because consumers are not getting back enough income 
to cover their lost income. The results obtained in this thesis suggest that:
1. A subsidy reduction policy must be accompanied by some form of income 
relief policy such as a reduction in direct tax rates. If price of fuel is to be closer 
to the border price, income should also be moved closer to the border income so 
that any negative effect on consumers will be minimal.
2. A subsidy reduction causes contraction in production. However, there are 
some sectors where a stronger policy to boost production is recommended. These 
are service-based sectors like tourism and financial services, poultry sector and 
selected manufacturing sectors.
3. A subsidy reduction policy could be bundled with environmental policy 
so that its distributional and environmental impacts can be minimised. This 
could be implemented, for example, in cases like transport fuel consumption and 
traffic congestion. Travelers whose vehicle consumes more fuel and produces more 
carbon should be given a lower weight of subsidy reduction and vice-versa.
4. Subsidising renewable energy is necessary where market fails to act. In 
this respect, the current natural gas pricing policy should be reviewed to provide 
more incentives to the renewable energy technology. This will broaden national 
power supply portfolio (spreading the risk) as well as improve the environment.
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8.4 Lim itations
This study is not without limitations. To begin with, data sources are limited. 
Data on households, especially on income, would enable identification of the 
sources of income by household types more accurately. Without detailed data, 
assumptions have to be made which may impede model results. The models 
are also relying on exogenous elasticity parameters which, as we have seen in 
the previous chapters, could change the model results. Some policies such as 
renewable energy targets may have effects that accumulate over a number of 
periods. In this instance, extending a static model to a dynamic model could 
yield additional information relevant to policy makers.
8.5 Further Research
Although this thesis has produced adequate explanations to the research ques­
tions in Chapter 1, there were new questions that arose during the course of the 
research that require further study. The elasticity of substitution, especially in 
the production sector, requires empirical work. Although data are scant in this 
area, it may be possible to work on estimation techniques such as Generalised 
Maximum Entropy (GME) to obtain the elasticity parameters. Arndt et al. (2001, 
revised version) estimates key (elasticity) parameters for Mozambique using this 
technique. Also, in modelling technology and the environment, a dynamic model 
rather than a static one may provide greater realism as the effect of shock may 
extend over a period of time.
The models may be extended to assess other energy policies such as energy 
efficiency, the CDM and carbon based tax system. Or, it may be extended to a 
regional (ASEAN) model where analysis of regional energy infrastructure, such as 
the Trans-ASEAN gas pipelines and other regional cooperations. This research 
also opens up new path for investigating other sources of inefficiencies (explicit 
or implicit) that are embedded within the economic system.
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D ata  Sources
National Energy Balance 1978-2003, The Ministry of Energy, Water and 
Communication, Malaysia
Economic Report 2001-2004, The Ministry of Finance, Malaysia
Statistics of Electricity Supply Industry in Malaysia Year 2004 Edition, 
Energy Commission, Malaysia
Annual Reports 2001-2004, Bank Negara Malaysia (Central Bank of Malaysia ) 
Eighth Malaysia Plan, National Printing Department 
Ninth Malaysia Plan, National Printing Department
Malaysia Economic Statistics - Time Series, Department of Statistics, 
Malaysia
Input-Output Table 1987, 1991, 2000, Department of Statistics, Malaysia
External Trade Statistics 1995, Tables and Summaries, Department of 
Statistics, Malaysia
Report On The Household Expenditure Survey 1998/99, Department of 
Statistics, Malaysia
The Ministry of Transport Malaysia, Various Statistics
Asian International Input-Output Table 1995, Institute of Japan External 
Trade Organisation, Japan
National Economic Action Council, Prime Minister’s Department
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A ppendix A  
Symbol Definition
Symbol
G A
G G ACE5'(C A)
a e A L E O { c A )
c e C
c G C D ( C  C )  
c G C D A ( C  C )  
c G C F ( C  C )  
c G C F A ( c C )  
c G C M ( c C )  
c G C M A ( C  C )  
c G C T ( c C )  
c G C A ( C  C )  
f e F  
% G 7A5'
i G INSD{C IN S)  
i G INSDG{C INSD)  
h G H(C INSDG)
Explanation
Activities
activities with a CES function at the top of the technology nest 
activities with Leontief function at the top of the technology nest 
commodities
commodities with domestic sales of domestic output
commodities not m G D
exported commodities
commodities not m CE
imported commodities
commodities not in GM
transaction service commodities
commodities with domestic production
factors
Institutions (domestic and rest of the world 
domestic institutions 
domestic non-government institutions 
households
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Symbol
CWtSc
dwtSc
icCLca
%CÔjq/(J
icCcc'
intüa
ivtta
rfvpsl
mpsOli
pWBc
pwrric
qdstc
W c
qinVc
shifif
tOia
tCc
t f f
tinsi
tinsOli
trric
tqc
trnsfrif
tVtta
Explanation
weight of commodity c in the CPI 
weight of commodity c in the producer price index 
quantity of c as intermediate input per unit of activity a 
input per unit of c' produced and sold domestically 
quantity of commodity c as trade input per exported unit of d 
quantity of aggregate intermediate input per activity unit 
quantity of aggregate value added input per activity unit 
base savings rate for domestic institution i
0-1 parameter with 1 for institutions with potentially flexed direct taxes
export price (foreign currency)
import price (foreign currency)
quantity of stock change
base year quantity of government demand
base year quantity of private investment
share of domestic institution i  in income of factor /
share of net income of i' to i
tax rate for activity a
export tax rate
direct tax rate for factor /
exogenous direct tax rate for domestic institution i
0-1 parameter with 1 for institutions with potentially flexed direct tax rates 
import tariff rate 
rate of sales tax
transfer from factor /  to institution^ 
rate of value-added tax for activity a
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Symbol Explanation
efficiency parameter in the CES activity function 
efficiency parameter in the CES value-added function 
shift parameter for domestic commodity aggregation function 
0-1 Armington function shift parameter
a\  CET function shift parameter
(3^ f  ^ marginal share of consumption spending on home commodity c for household h
marginal share of consumption spending on marketed
commodity c for household h 
6  ^ CES activity function share parameter
Jgg share parameter for domestic commodity aggregation function
6  ^ Armington function share parameter
6l CET function share parameter
CES value-added function share parameter for factor /  in activity a 
7 ^  subsistence consumption of marketed commodity
c for household h 
7 ^  subsistence consumption of home commodity
c from activity a for household h 
6ac yield of output c per unit of activity a
CES production exponent 
CES value-added function exponent 
domestic commodity aggregation function exponent 
PI Armington function exponent
p\ CET function exponent
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Exogenous Variable Explanation
C P I  consumer price index
D T I N S  change in domestic institution tax share (=0 for base)
F S A V  foreign saving (FCU)
GADJ  government consumption adjustment factor
l A D J  investment adjustment factor
M P S A D J  savings rate scaling factor (=0 for base)
QFSf  quantity supplied of factor
T I N S A D J  direct tax scaling factor (=0 at base)
WFDISTfa  wage distortion factor for factor /  in activity a
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Variable Explanation
D M  P S  change in domestic institution saving rates (=0 for base)
D P I  producer price index for domestically marketed output
EG  government expenditure
EHh consumption spending for household
E X R  exchange rate (LCU per unit of FCU)
GOVSHR  government consumption share in nominal absorption
GSAV  government savings
I N V S H R  investment share in nominal absorption
MPSi  marginal propensity to save for domestic non-government institutions 
PAa activity price
PDDc demand price for commodity produced and sold domestically 
PDSc supply price for commodity produced and sold domestically
PEc export price (domestic currency)
PINTAa  aggregate intermediate input price for activity a
PMc import price (domestic currency)
PQc composite commodity price
PVAa value added price
PXc aggregate producer price for commodity c
PXAGac producer price for commodity c in activity a
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Variable Explanation
QAa quantity (level) of activity a
QDc quantity sold domestically of domestic output
QEc quantity of export
QFfa quantity demanded of factor /  from activity a
QGc government consumption demand for commodity
QHch quantity consumed of commodity c by household h
QHAach quantity of household home consumption of
commodity c from activity a for household h 
Q IN TAa  quantity of aggregate intermediate input
QINTca quantity of commodity c as intermediate input in activity a
QINVc quantity of investment demand for commodity
QMc quantity of imports of commodity
QQc quantity of composite goods supplied to domestic market
QTc quantity of commodity demanded as trade input
QVAa quantity of (aggregate) value-added
QXc aggregate quantity of domestic output of commodity
QXAGac quantity of output of commodity c from activity a
T A B S  total nominal absorption
T I N  Si direct tax rate for institution i
TRIIii'  transfer from institution i
WFf  average price of factor /
Y  G  government revenue
Y l i  income of domestic non-government institutions
YIFif  income to domestic institution i from factor /
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A ppendix B 
Calibrating a CES function
A constant elasticity of substitution (CES) production function can 
be written as ;
Q =  +  (1 -  (B .l)
where
Q\ the output
0  is the shift parameter (technical progress) 
a  is the share of inputs in production
p is the parameter tha t reflects the substitution where the elasticity 
of substitution a  given by;
<^ =  Y —p (B-2)
M P K  =  ^ a K f ’ +  { l - a ) L ' > ) ^ a K ' ‘-'^  (B.3)
M P L  =  a $ [a  +  ( l - a ) ( A ) / > ] ^  (B.4)
Let I =  L /Q  and k =  K /Q  he the labour and capital required per
207
unit of production. Then from Equation B .l, it follows that:
I =  ^{akP ^  {I -  a)lP)^ (B.5)
Following Rutherford’s cost minimisation of unit output (dual);
Minimise c =  W'l + r - k subject to $(aA:^ -f- (1 — a)lP)'p =  1
We can write cost minimisation problem in Langrangian form:
c =  W ' l - { - r ' k  +  A[$(aA;^ +  (1 — a)F)'p — 1] (B.6)
First Order Condition:
^  =  r - \-^ ^ {a k ^  +  {1 — a)F)~p~^pak^^~^^ = 0
ok p
^  =  w -\-^^{ak^  +  {1 — a)Fyp~^{l — p)a&~^"^) =  h
c
^  =  $(afc'’ +  ( l - a ) Z O ^ - l  = 0OA
which gives unit input demand function as;
_  ___________(1 -  q)l/(l-P )w V ft-P )___________
+  (1 — Q/)i/(1-/)) (p-i)] p
Q,i/(i-p)^i/(i-p)
A:* =  --------------------------------------------------------j- (B.8)
^^0!^/i^~p)rP/^p~^^ T  (1 — o f ) i / (/)-!)] p
substitute /* and A:* and using elasticity as in Equation B.2, the 
average cost function c can be written as:
C =  +  (1 -  (B.9)
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In a special case of CES function where cr =  0 (Leontief type) :
c = i[T -- |-w ]  (B.IO)
In a long run equilibrium of a competitive market, this average cost 
is the same as the average revenue or unit price.
Parameters in the production function are found by calibrating 
them to the production function so tha t they reproduce the bench­
mark data;
Let =  Pk /1^  Pl and substitute p =  {a — 1)1 a
=  ( 1 3 ^  (B")
Pk  and Pl in the benchmark year are unity, so the value of a  
can be now be computed as;
a  =  -------------------------------------------(B.12)
and
$  =  [S'" +  (1 -  (B.13)
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A ppendix C 
Replicating Benchmark  
Equilibrium
  VAR Y S ectora l production
LOWER LEVEL UPPER
CRUD 1.000 +INF
PETR 1.000 +INF
ELEC 1.000 +INF
TRAN 1.000 +INF
WHOL 1.000 +INF
ÜTHR 1.000 +INF
MAR 1.000 +INF
------  VAR X Supply of goods
LOWER LEVEL UPPER
CRUD 1.000 +INF
PETR . 1.000 +INF
ELEC 1.000 +INF
TRAN 1.000 +INF
WHOL 1.000 +INF
OTHR 1.000 +INF
MAR 1.000 +INF
------  VAR A Armington supply
LOWER LEVEL UPPER
MARGINAL
MARGINAL
MARGINAL
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CRUD 1.000 +INF
PETR 1.000 +INF
ELEC 1.000 +INF
TRAN 1.000 +INF
WHOL 1.000 +INF
OTHR 1.000 +INF
MAR 1.000 +INF
------  VAR CD Household consumption
LOWER LEVEL UPPER MARGINAL
HURB 1.000 +INF .
HRUR 1.000 +INF •
LOWER LEVEL UPPER
------  VAR ID . 1.000 +INF
------  VAR GOV 1.000 +INF
ID Investment demand 
GOV Government demand 
------  VAR PA Armington p rice
LOWER LEVEL UPPER MARGINAL
CRUD 1.000 +INF
PETR 1.000 +INF
ELEC 1.000 +INF
TRAN 1.000 +INF
WHOL 1.000 +INF
OTHR 1.000 +INF
MAR 1.000 +INF
- -----VAR PC Household consumption
LOWER LEVEL UPPER MARGINAL
HURB 1.000 +INF .
HRUR 1.000 +INF
MARGINAL
  VAR PY Goods output
LOWER LEVEL UPPER MARGINAL
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CRUD 1.000 +INF
PETR 1.000 +INF
ELEC 1.000 +INF
TRAN 1.000 +INF
WHOL 1.000 +INF
OTHR 1.000 +INF
MAR 1.000 +INF
------  VAR PD Domestic market p rice
LOWER LEVEL UPPER MARGINAL
CRUD 1.000 +INF
PETR 1.000 +INF
ELEC 1.000 +INF
TRAN 1.000 +INF
WHOL 1.000 +INF
OTHR 1.000 +INF -1.891E
MAR 1.000 +INF
LOWER
  VAR PINV
  VAR PENT
LEVEL
1.000
1.000
UPPER
+INF
+INF
MARGINAL
PINV P rice of investment
PENT Return to  en terp rise  p r o f it
  VAR PF Factor p r ices
LOWER LEVEL UPPER MARGINAL 
LAB . 1.000 +INF
CAP . 1.000 +INF
LOWER
  VAR PG
  VAR PFX
LEVEL
1.000
1.000
UPPER
+INF
+INF
MARGINAL
-8.912E-6
2.1870E-6
PG P rice of pub lic  goods 
PFX Foreign exchange 
  VAR RA Household
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HURB
HRUR
LOWER LEVEL UPPER 
114.282 +INF 
40.636 +INF
MARGINAL
LOWER
VAR ENT 
VAR GOVT 
VAR MARKUP 
VAR SUBSIDY .
LEVEL UPPER 
224.049 +INF 
57.418 +INF 
+INF
1.000 +INF
MARGINAL
ENT E nterprises  
GOVT Government
  VAR EXPT
LOWER LEVEL 
CRUD . 26.30
PETR
ELEC
TRAN
OTHR
9.800
0.032
15.52
355.6
UPPER
+INF
+INF
+INF
+INF
+INF
MARGINAL
  VAR IMPT
LOWER LEVEL UPPER 
CRUD . 5.027 +INF
PETR . 9.324 +INF
ELEC . 0.031 +INF
TRAN . 11.84 +INF
OTHR . 323.6 +INF
MARGINAL
   VAR A1
LOWER
CRUD
PETR
ELEC
TRAN
WHOL
OTHR
LEVEL
21.24
38.81
15.63
31.22
52.38
761.2
UPPER
+INF
+INF
+INF
+INF
+INF
+INF
MARGINAL
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MAR 6 0 . 4 5 9  +INF
LOWER LEVEL UPPER MARGINAL 
— -  VAR EG . 57.41 +INF
  VAR HCON
LOWER LEVEL UPPER
HURB . 114.28 +INF
HRUR . 40.636 +INF
MARGINAL
— VAR ENDOW
LOWER LEVEL UPPER
HURB . 114.28 +INF
HRUR . 40.636 +INF
MARGINAL
**** REPORT SUMMARY : 0 NONOPT 
0 INFEASIBLE 
0 UNBOUNDED 
0 REDEFINED 
0 ERRORS
GAMS Rev 145 x86/MS Windows 12/29/07
19:47:27 Page 6 G e n e r a l A l g e b r a i c M o d e l i n g  
S y s t e m E x e c u t i o n
  1828 VARIABLE GOVT.L = 57.418 Government
VARIABLE MARKUP.L = 0.000  
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